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2.  In  the  article  herein  discussing  irrigation  districts  it  is  pointed 
out  that  the  statute  requires  the  State  Engineer  to  investigate  the 
project  of  a  proposed  irrigation  district  and  report  upon  its  feasibility. 
The  law  only  allows  him  one  month  to  do  it.  Frequently  there  are  no 
data  at  hand  and  the  investigation  must  be  in  the  nature  of  original 
research  to  ascertain  the  reliability  of  the  water  supply,  the  probable 
cost  of  dams  and  ditches,  and  the  adaptability  of  the  lands  to  irriga- 
tion. In  many  cases  it  is  a  physical  impossibility  to  make  an  investi- 
gation in  a  month  that  will  do  justice  to  either  the  investigator  or  the 
project. 

It  is  recommended  that  the  State  Engineer  be  given  time  to  make  the 
examinations  in  proportion  to  the  magnitude  of  the  enterprise  and  in 
no  event  should  he  be  restricted  to  less  than  ninety  days. 

3.  The  Department  of  Engineering  has  no  special  fund  from  which 
to  pay  the  costs  of  making  investigations  of  proposed  irrigation  districts 
and  the  contingent  fund  provided  is  only  sufficient  to  meet  the  regular 
demands  made  upon  it.  It  is  recommended  that  the  contingent  fund  be 
made  large  enough  to  cover  such  investigations  with  the  proviso  that 
when  a  district  shall  be  organized  it  reimburse  the  fund. 

4.  Before  bonds  can  be  issued  by  a  district  the  plans  for  proposed 
work  must  be  submitted  to  the  State  Engineer.  He  may  approve  the 
plans  or  recommend  changes,  and  report  his  estimates  of  the  cost.  The 
district  may  accept  his  recommendations  or  ignore  them  entirely.  This 
should  not  be.  As  consulting  engineer  his  decision  should  be  binding, 
and  it  is  recommended  that  the  law  be  amended  so  as  to  make  it  so. 

5.  The  statute  of  1913  provides  that  when  works  are  being  con- 
structed from  the  proceeds  of  bonds  the  secretary  of  the  district  shall 
forward  to  the  State  Engineer  copies  of  progress  reports  of  construc- 
tion. Some  districts  do  not  exact  progress  reports  and  have  no  copies 
to  send.  The  same  act  (section  54^)  provides  that  the  State  Engineer 
may  cause  to  be  made  an  examination  of  the  affairs  of  any  irrigation 
district  and  make  such  report  thereon  as  he  may  deem  advisable.  Make 
report  to  whom  ?  The  statute  does  not  say,  nor  does  it  confer  authority 
upon  anyone  to  act  in  case  the  examination  should  disclose  that  the 
work  is  not  being  done  according  to  the  plans,  or  that  faulty  works  are 
being  constructed  and  the  funds  wasted. 

It  is  recommended  that  the  act  be  so  amended  that  the  State  Engi- 
neer's recommendations  shall  be  binding  and  that  a  dereliction  on  the 
part  of  a  district  be  reported  to  the  Governor,  who  may  direct  proper 
proceedings. 

6.  There  is  no  law  now  authorizing  the  consolidation  of  irrigation 
districts.  Cases  exist  where  two  or  more  districts  might  be  united 
under  one  management  with  benefit  to  both. 
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It  is  recommended  that  the  law  be  amended  to  permit  of  consolidation 
of  districts. 

7.  The  present  law  authorizes  the  formation  of  an  irrigation  district 
composed  of  many  tracts  of  land  which  may  not  necessarily  be  con- 
tiguous, but  after  a  district  is  formed  no  other  lands  may  be  included  or 
annexed  unless  they  are  contiguous  to  the  district.  Instances  are  known 
where  desirable  lands  desire  to  be  annexed,  but  being  separated  from 
the  district  by  undesirable  or  hostile  lands  must  be  excluded. 

It  is  recommended  that  desirable  lands  not  contiguous  to  a  district  be 
enabled  to  enter  the  district. 

8.  No  law  exists  authorizing  an  irrigation  district  to  own  property 
outside  the  state  excepting  the  district  embraces  more  than  500,000 
acres.  One  district  of  30,000  acres  finds  it  is  necessary  to  store  its  water 
in  a  reservoir  situated  just  across  the  line  in  another  state. 

It  is  recommended  that  chapter  655,  1915,  be  amended  so  as  to  apply 
to  all  districts. 

9.  In  the  matter  of  state  supervision  of  dams.  The  statutes  of  1915, 
page  632,  direct  the  Department  of  Engineering  to  pass  upon  all  plans, 
specifications  and  estimates  for  the  construction  of  dams.  The  depart- 
ment submits  that  to  **pass  upon"  plans  can  be  of  little  use  unless 
changes  in  faulty  plans  can  be  prescribed  and  penalties  enforced  for 
departure  from  the  approved  plans.  It  is  not  claimed  that  the  depart- 
ment should  have  police  powers,  but  its  findings  should  be  submitted 
to  some  state  authority  having  power  to  enforce  police  regulations. 

It  is  recommended  that  it  be  made  unlawful  to  erect  a  dam  excepting 
the  plans  therefor  be  approved  by  the  Department  of  Engineering,  or 
to  maintain  a  dam  that  is  found  defective  or  dangerous  until  measures 
satisfactory  to  the  department  have  been  taken  to  make  it  safe;  the 
department  be  authorized  to  keep  representatives  present  during 
construction  or  repairs  affecting  safety.  Under  the  provisions  of  section 
7,  Statutes  of  1909  (page  656),  it  is  a  felony  for  any  member  or 
employee  of  the  department,  or  any  contractor  or  his  agent,  to  know- 
ingly permit  a  violation  of  the  provision  of  a  contract  on  state  work, 
or  to  have  knowledge  of  such  violation  and  not  report  it  to  the  depart- 
ment. It  is  recommended  that  some  such  provision  be  made  to  apply  to 
all  constructions  where  a  failure  would  endanger  life  and  property. 

10.  Chapter  68,  Statutes  of  1881,  requires  plans  of  all  bridges  to  be 
erected  over  navigable  streams  to  be  submitted  to  the  State  Engineer, 
who  shall  designate  the  width  of  draw  and  the  length  of  spans  neces- 
sary for  the  free  passage  of  water.  In  the  discussion  herein  of  the 
subject,  a  case  is  cited  of  a  railroad  bridge  over  a  nonnavigable  stream 
which  offered  so  much  obstruction  to  the  tiood  flow  as  to  cause  destruc- 
tion of  life  and  property. 
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It  is  recommended  that  it  be  made  unlawful  to  erect  a  bridge  over 
any  stream  which  might  cause  damage  without  having  the  plans  and 
location  approved  by  the  Department  of  Engineering. 

11.  Under  hydroeconomics  is  discussed  matters  pertaining  to  flood 
control,  and  the  desirability  of  having  all  flood  control  projects 
approved  by  the  state.  Whether  a  project  be  submitted  to  a  State 
Reclamation  Board,  Flood  Control  Commission  or  other  body,  it  is 
here  contended  that  all  engineering  service  required  by  the  state  in 
connection  therewith  should  be  executed  by  the  Department  of 
Engineering. 

12.  In  the  matter  of  state  roads.  The  department  now  maintains 
more  than  six  hundred  miles  of  state  roads  in  the  high  mountains, 
independently  of  the  state  highways.  With  the  aid  of  the  motor  vehicle 
fund  these  roads  have  been  much  improved  in  the  last  two  years,  and 
their  improved  condition  is  evidenced  by  the  greatly  increased  auto- 
mobile travel  over  them.  There  is  one  of  these  roads,  however,  which 
this  department  considers  of  no  use  as  a  state  road.  R-eference  is  had 
to  the  Sierra  state  road,  in  Sierra  County.  The  projected  length  is 
twenty  miles,  of  which  fourteen  miles  were  once  surveyed  and  three 
miles  built,  extending  from  Downieville  into  the  mountains.  It  does 
not  connect  any  important  communities,  and  would  not  be  a  part  of  any 
continuous  system  of  state  roads  if  completed.  It  is  a  liability  and  not 
an  asset  to  the  state. 

It  is  recommended  that  the  act  creating  it  be  repealed. 

13.  Attention  is  invited  to  the  article  on  Water  Resources,  and 
particularly  to  the  discussion  of  snow  measurements  in  connection  with 
stream  measurements.  Records  of  the  quantity  of  water  flowing  in 
every  important  stream  on  every  day  of  the  year  are  being  obtained. 
They  are  of  immense  value  in  the  consideration  of  all  problems  of  irri- 
gation, navigation,  flood  control  and  reclamation. 

If  the  knowledge  obtained  of  the  flow  of  streams  was  supplemented 
with  a  knowledge  of  the  quantity  of  water  held  in  reserve  by  the  snows 
within  the  stream's  drainage  basin  at  any  time,  prediction  could  be 
made  of  the  probable  flood  height  to  result  therefrom,  and  preparations 
made  accordingly. 

When  flood  control  reservoirs  shall  be  built  by  knowing  beforehand 
how  much  water  is  held  in  the  snows,  it  will  be  known  to  a  certainty 
how  to  manipulate  the  reservoir  gates  so  as  to  impound  the  maximum 
quantity  for  irrigation  and  navigation,  without  impairing  their  useful- 
ness for  flood  storage. 

The  appropriation  for  hydr()grai)liical  work  in  cooperation  with  the 
United  States  Geological  Survey  is  not  sufficient  to  enable  investigations 
to  be  made  along  the  lines  suggested. 
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It  is  therefore  recommended  that  an  appropriation  of  $10,000  be 
made  to  enable  the  department  to  make  measurements  and  studies  of 
snow  storage,  and  that  authority  be  given  to  enlist  the  cooperation  of 
federal  agencies  and  private  concerns. 

14.  The  importance  of  inland  navigation  is  being  felt  very  strongly 
now  since  the  withdrawal  of  terminal  rates  from  interior  points.  The 
department  has  given  much  thought  to  the  subject,  and  presents  a 
report  thereon,  the. conclusions  of  which  may  be  briefly  summarized 
as  follows: 

It  is  engineeringly  feasible  to  construct  tidal  canals  capable  of  con- 
veying ocean-going  ships  to  Sacramento  and  Stockton,  at  a  compara- 
tively low  cost. 

It  is  engineeringly  feasible  to  extend  those  canals  several  miles  further 
into  the  interior,  with  locks. 

Ships  can  be  conveyed  by  canal  within  a  few  miles  of  San  Jose. 

It  is  no  greater  engineering  problem  to  build  a  lock-canal  for  ships 
from  the  sea  to  the  heart  of  the  city  of  Los  Angeles  than  it  was  to  build 
the  great  Manchester  Canal. 

It  would  be  no  greater  an  engineering  feat  to  build  a  barge  canal  from 
Red  Bluff  to  Bakersfield  than  is  the  one  now  nearly  accomplished  of 
constructing  the  New  York  Barge  Canal  from  Albany  to  Buffalo  to 
accommodate  barges  carrying  two  thousand  tons.  The  same  distance 
and  same  elevations  to  overcome. 

Investigations  have  not  gone  far  enough  to  show  what  the  costs  of 
construction  or  of  operation  of  such  canals  would  be. 

That  all  or  any  of  the  above  are  industrially  feasible  is  not  the  prov- 
ince of  this  department  to  say,  but  it  is  urged  that  the  question  of  cheap 
transportation  is  of  such  great  importance  to  all  that  it  should  engage 
the  earnest  attention  of  the  legislature  to  the  end  that  an  inteusive  study 
be  made  of  the  whole  subject. 

15.  In  the  matter  of  certain  employees  of  the  department,  it  is  desired 
to  call  attention  to  the  fact  that  all  maintenance  work  on  state  roads 
and  all  construction  on  river  improvement  is  done  by  day  labor.  The 
jobs  are  short.  The  road  work  lasting  from  April  or  May  to  October, 
the  river  jobs  seldom  requiring  more  than  two  or  three  months  each, 
though  several  may  be  running  at  once. 

The  majority  of  laborers  employed  upon  these  works  are  transient, 
and  usually  there  are  more  applications  for  work  than  can  be  accepted, 
but  an  applicant  not  on  the  civil  service  list  can  not  be  given  employ- 
ment until  that  list  is  exhausted.  Much  time  is  lost  in  sending  in 
requisitions  from  distant  camps  to  the  Civil  Service  Commission  for 
men,  frequently  to  find  none  or  not  enough  on  the  waiting  list  to  fill 
the  requisition,  and  recourse  must  be  had  to  temporary  authority  to 
employ  nonlisted  men. 
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Although  the  Civil  Service  Commission  has  always  exerted  every 
effort  and  given  all  assistance  possible,  the  inevitable  delays  are  annoy- 
ing and  frequently  result  in  loss. 

When  the  men  are  obtained,  either  from  the  Civil  Service  or  other- 
wise, they  generally  will  work  only  a  short  time.  The  average  duration 
of  employment  of  that  class  of  labor  is  only  about  three  weeks  and  the 
department  fails  to  see  whore  either  the  men  or  the  service  is  benefited 
by  their  being  under  civil  service  regulations. 

It  is  therefore  urged  that  all  transient  labor  of  the  department  be 
exempted  from  the  operation  of  the  civil  service. 

The  cordial  relations  sustained  between  the  department  and  the 
various  oflfices  of  the  state  government,  the  several  institutions  and  the 
many  branches  of  the  federal  government  with  which  cooperative  work 
has  been  conducted,  has  been  a  source  of  personal  satisfaction  and  the 
State  Engineer  takes  this  opportunity  of  acknowledging  the  many 
courtesies  received  at  the  hands  of  all  with  whom  dealings  have  been  had. 
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PART  L 


Fifth  Biennial  Report  of  the  Department  of  Engineering  of  the 

State  of  California. 

The  Department  of  Engineering  was  created  by  an  act  of  the  legis- 
lature approved  March  11,  1907,  chapter  183,  Statutes  1907,  and  was 
Organized  in  the  May  following. 

The  act  creating  this  department  abolished  the  offices  of  Commis- 
sioner of  Public  Works,  Auditing  Board  to  the  Commissioner  of  Public 
Works,  Department  of  Highways  and  State  Highway  Commissioner, 
Lake  Tahoe  Wagon  Road  Commissioner,  and  Debris  Commissioner,  and 
delegated  the  performance  of  their  several  duties  to  the  Department 
of  Engineering.  To  the  department  was  also  a.ssigned  all  engineerinji: 
work  for  the  Board  of  Harbor  Commissioners  of  San  Francisco  and 
the  design  and  construction  of  buildings  and  works  for  all  the  haspitals, 
prisons,  schools,  and  other  state  institutions.  It  was  given  authority 
to  cooperate  with  the  Department  of  the  Interior  and  other  departments 
and  bureaus  of  the  national  government  in  making  surveys,  investiga- 
tions, etc. 

Mr.  Nathaniel  Ellery  was  appointed  to  the  position  of  State  Engineer 
and  chief  executive  officer  of  the  Department  of  Engineering,  and 
assumed  the  office  May  11,  1907.  He  was  succeeded  in  office  by  the 
appointment  of  Mr.  Wilbur  F.  McClure,  incumbent,  February  13,  1912. 

The  records  of  the  organization  of  the  department  and  the  work 
accomplished  by  it  from  the  date  of  its  establishment  to  November  30, 
1914,  have  been  published  in  the  reports  issued  every  two  years,  and 
it  is  the  office  of  this  report  to  review  the  operations  of  the  department 
during  the  biennial  period  just  clasing. 

Since  the  department  was  created,  each  session  of  the  legislature  has 
enacted  laws  amending  the  statutes  aflFecting  the  work  of  the  depart- 
ment^ the  most  notable  of  which  was  to  enable  it  to  handle  the  adminis- 
tration of  the  State  Highways  Act,  which  provided  for  the  construction 
of  an  extensive  system  of  state  highways.  ^lany  of  the  statutes  have 
added  greatly  to  the  functions  of  the  department. 
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DEPARTMENT  OF  ENGINEERING. 

Under  the  statutes  now  in  force  the  Department  of  Engineering  is 
composed  of  three  bodies:  Advisory  Board,  Consulting  Board,  and 
Executive  Force.  These  three  bodies  are  constituted  respectively  as 
follows ; 

TUB  ADVISORY  BOARD. 

Governor,  ex  oiBcio  member  and  chairman. 

General  Superintendent  of  State  Hospitals,  ex  officio  member. 

Chairman  of  Board  of  State  Harbor  Commissioners  of  San  Francisco, 
ex  oflScio  member. 

State  Engineer,  appointed  by  the  Governor,  ex  oflfieio  member. 

Three  members,  appointed  by  the  Governor. 

The  Advisory  Board  is  the  administrative  head,  and  directs  the 
operations  of  the  department  through  the  State  Engineer,  who  is  the 
chief  executive  officer  of  the  department. 

The  ex  officio  members  receive  no  salary  as  members  of  the  Advisory 
Board.  The  three  last-named  appointed  members  of  the  Advisory 
Board  are  delegated  as  a  special  executive  committee  of  the  board  to 
administer  the  affairs  of  the  state  highway  bond  projects,  and  bear  the 
title  of  State  Highway  Commission.     These  members  are  paid  salaries. 

THE   CONSULTING  BOARD. 

This  board  is  composed  of  five  members  appointed  by  the  Governor 
and  serve  without  compensation.  The  functions  of  this  board  are  to 
act  as  intermediary  between  the  people  desiring  public  work  done  on 
the  rivers  and  the  Department  of  Engineering;  receive  and  consider 
petitions  and  make  recommendations  to  the  department  in  regard  to 
proposed  work  pertaining  to  drainage,  irrigation,  and  river  improve- 
ment.    This  board  holds  meetings  at  the  call  of  tlie  State  Engineer. 

EXECUTIVE  FORCE. 

State  Engineer,  Chief  Executive  Officer. 

Two  Assistant  State  Engineers. 

State  Highway  Engineer. 

Chief  Harbor  Engineer. 

State  Architect. 

Architectural  Designer. 

Secretary. 
The  foregoing  compri.sos  all  of  the  *^ statutory''  employees  whose 
positions  were  created  by  statute,  and  wliose  salaries  are  paid  from  the 
fund  created  by  the  *' General  Appropriation  Act." 

The  field  of  operations  conducted  l)y  the  Dcpnrtnient  of  Engineering 
has  grown  with  such  rapidity  and  to  sucli  dimensions  that  it  has  been 
found  necessary  to  create  new  offices  and  to  employ  a  much  larger  force 
than  was  contemplated  when  the  department  was  created. 
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The  universal  employment  of  electricity  for  lighting,  power,  com- 
munication, and  in  the  hospitals  its  extensive  use  in  therapy,  requires 
a  large  force  of  electricians,  and  to  properly  direct  their  work,  the 
emplo^Tnent  of  an  electrical  engineer  is  necessary. 

A  vast  amount  of  construction  and  repair  of  state  property  is  done 
directly  by  the  Department  of  Engineering,  entailing  the  purchase  of 
immense  quantities  of  materials,  machinery  and  apparatus. 

To  effect  economy  in  this  line  a  purchasing  oflSce  was  necessary,  which 
was  maintained  under  the  direction  of  a  ^Purchasing  Agent. 

The  construction  of  buildings  along  modern  lines  and  on  the  large 
scale  conducted  by  this  department  requires  the  use  of  immense  quan- 
tities of  cement,  stone,  bricks,  metals,  asphalts,  oils,  paints  and  all  the 
materials  entering  into  the  construction  and  furnishing  of  public  build- 
ings. To  insure  that  each  article  should  conform  to  the  specifications 
a  testing  laboratory  was  early  established  and  has  been  constantly 
employed  under  charge  of  a  ^Testing  Engineer. 

The  rapid  growth  of  automobile  traffic  in  the  mountains  with  its 
insistent  demands  for  a  higher  grade  of  road  maintenance  necessitated 
the  creation  of  the  office  of  Road  Engineer  to  properly  direct  the  work 
on  the  hundreds  of  miles  of  state  roads  traversing  the  scenic  regions 
of  the  high  Sierras. 

The  increasing  demands  for  improvement  of  the  navigable  rivers  of 
the  state  entailing  continuous  effort  in  bank  protection  and  channel 
rectification,  gives  constant  employment  to  a  large  force  under  the  direc- 
tion of  a  river  superintendent. 

The  expenditure  of  several  millions  of  dollars  entrusted  to  the  depart- 
ment requires  a  considerable  force  of  accountants,  directed  by  an 
auditor,  in  whose  keeping  is  also  placed  the  records  and  archives  of 
the  department. 

In  addition  to  those  enumerated  above,  the  department  constantly 
requires  the  services  of  draftsmen,  architectural  and  structural  engi- 
neers, surveyors  and  their  crews,  superintendents,  inspectors,  and  men 
in  many  other  capacities,  down  to  cooks,  waiters,  and  roustabouts  in 
the  road  and  river  construction  camps. 

The  foregoing  constitutes  the  *' nonstatutory  force.''  The  compen- 
sation of  these  employees  is  paid  usually  from  the  funds  appropriated 
for  the  construction  upon  which  they  are  employed.  P'requently  this 
can  not  be  done,  and  then  the  employee  is  paid  from  the  department's 
** contingent  fund." 

So  many  of  the  nonstatutory  positions  are  permanent  in  character, 
and  as  the  incumbents  are  civil  service  employees,  it  is  believed  better 

'The  duUes  of  thla  office  were  taken  over  by  the  State  Purchasing  Department  on 
September  16,   1916. 

"The  office  of  Testing  Engineer  was  transferred  to  the  State  Purchasing  Depart- 
ment In  July  1,  1916. 


14  BIENNIAL  REPORT  OP  DEPARTMENT  OF  ENGINEERING. 

service  will  result  from  extending  the  list  of  statutory  oflSces.     This  is 
a  matter  that  is  earnestly  commended  to  the  consideration  of  the  coming 

legislature. 

DUTIES  OF  THE  DEPARTMENT. 

The  above  list  of  employments  indicates  to  some  extent  the  varied 
nature  of  the  department 's  activities  and  the  extent  of  the  field  covered 
by  it.  Its  duties,  as  specified  by  several  statutes,  are  summarized  as 
follows : 

To  make  jjlans  and  specifications  for  all  buildings  at  the  various  state 
institutions,  to  let  contracts  for  and  superintend  their  erection,  or,  in 
case  satisfactory  contracts  can  not  be  made,  to  construct  the  buildings 
by  day  labor.  To  design  and  install  all  heating,  lighting,  ventilating, 
refrigerating,  w^ater  supply,  sewerage,  and  mechanical  plants  of  every 
nature — whether  changes,  extensions  or  original.  Survey  grounds,  lay 
out  walks,  drives  and  roads;  provide  water  supply,  irrigation,  recla- 
mation, sewer  and  drainage  systems,  requiring  the  design  and  construc- 
tion of  dams,  reservoirs,  pipe  lines,  wells,  pumping  plants,  ditches, 
sewage  treatment  and  disposal  plants  and  drains. 

Design  and  construct  works  for  the  protection  of  river  levees,  preser- 
vation of  navigation  and  protection  from  floods. 

Conduct  research  looking  to  the  reclamation  of  the  overflow  basins 
and  to  effect  flood  control  on  the  Sacramento  and  San  Joaquin  and 
other  rivers  of  the  state. 

Studies  of  the  feasibility  of  navigable  canals  and  canalization  of  rivers. 

Through  the  engineering  force  assigned  to  the  Board  of  Harbor 
Commissioners,  to  design  and  direct  the  construction  of  wharves,  piers, 
buildings  and  their  equipment  on  the  water  front  of  San  Francisco. 

Location,  construction,  repair  and  maintenance  of  state  roads,  of 
which  there  are  more  than  600  miles  in  the  mountain  regions. 

Through  the  Highway  Commission,  the  location  and  construction  is 
being  conducted  of  the  system  of  highways  authorized  by  the  stat^ 
highway  bond  acts. 

The  administration  of  the  Motor  Vehicle  Act,  involving  the  issue 
and  registry  of  all  licenses  for  motor  vehicles.  The  issuance  of  licenses 
for  the  operation  of  motor  vehicles  was  placed  in  the  Department  of 
Engineering  by  an  act  approved  May  31,  1913.  To  handle  the  matters 
pertaining  to  this  required  the  erection  of  a  division  especially  for 
that  purpose,  which  continued  as  a  part  of  this  department  until  the 
crccation  of  a  separate  Motor  Vehicle  Department  in  1915. 

By  cooperation  with  the  federal  government  a  topographic  survey 
of  the  state  is  being  made ;  daily  measurement's  are  made  of  the  water 
flowing  in  all  the  principal  and  many  of  the  minor  streams  of  the  state; 
studies  of  possibilities  for  developments  of  power  in  the  mountains  and 
irrigation  in  the  plains.     Investigation  of  the  quantity  of  water  required 
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for  various  crops;  methods  of  applying  it,  waste  in  the  use  of  water,  etc. 

This  department  is  required  to  cooperate  with  the  engineers  of  the 
War  Department  in  matters  concerning  debris  control,  flood  control 
and  aids  to  navigation. 

The  State  Engineer  is  required  to  investigate  and  pass  upon  the 
feasibility  of  the  enterprise  before  an  irrigation  district  can  be  organ- 
ized, and  must  approve  the  estimates  for  a  projected  bond  issue.  He 
is  a  member  of  the  Irrigation  District  Bond  Commission  and  is  required 
upon  application,  to  investigate  the  engineering  features  of  the  projects 
of  irrigation  and  county  water  works  districts,  w^here  the  latter  desire 
to  have  their  bonds  accepted  as  state  securities,  and  thereafter  he  super- 
vises the  construction  of  w^orks  executed  w-ith  proceeds  of  validated 
bonds. 

He  is  ex  oflScio  a  member  of  the  State  Water  Commission,  which  body 
has  control  of  all  water  appropriations  and  the  ascertainment  of  water 
rights.     He  is  also  a  member  of  the  Carey  Act  Land  Board. 

The  State  Engineer  is  required  by  law  to  direct  the  engineering 
investigations  for  the  Eeclamation  Board  to  determine  the  proper  loca- 
tion and  sufficiency  of  proposed  reclamation  w^orks,  so  that  they  shall 
conform  to  the  plan  for  the  flood  control  adopted  by  the  state. 

Plans  for  all  bridges  to  cross  navigable  streams  are  required  to  be 
approved  by  the  State  Engineer  before  they  are  permitted  to  be  erected. 

The  law  directs  that  he  shall  pass  upon  the  plans,  specifications  and 
estimates  of  all  dams  constructed  in  the  state. 

In  addition  to  the  active  duties  enumerated  above,  the  department 
conducts  an  extensive  correspondence,  answering  queries  from  all  over 
the  country  seeking  information  in  regard  to  the  extent  of  drainage, 
reclamation,  irrigation  and  power  developments,  and  many  other  lines 
of  progress  in  the  state,  and  the  costs  thereof.  If  the  information  is 
at  hand  or  can  be  obtained  it  is  always  furnished.  This  is  done  upon 
the  theory  that  all  public  offices  should  be  in  a  measure  publicity 
bureaus,  and  the  dissemination  of  correct  information  as  to  the  resources 
of  the  state  and  its  advantages  is  a  proper  function  of  all  branches  of 
the  government. 

The  department  has  been  called  upon  by  municipalities  for  advice  in 
regard  to  sewage  disposal ;  by  communities  asking  for  the  examination 
of  dams,  as  to  their  stability  and  safety,  and  specifications  to  strengthen 
the  same,  as  well  as  advice  regarding  flood  protection  and  stream  control 
in  different  portions  of  the  state.  While  these  are  not  dutias  enjoined 
by  law  upon  the  department,  the  State  Engineer  has  always  responded 
to  such  requests  and  given  such  assistance  in  an  advisory  way  as  the 
department  was  able  to  furnish,  and  it  is  gratifying  to  know  that  such 
aid  has  been  regarded  of  value  by  the  recipients. 
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ORGANIZATION. 

As  previously  stated,  the  department  is  divided  into  branches  to 
handle  each  different  kind  of  work.  These  branches  are  termed  bureaus. 
The  executive  head  of  each  bureau  is  called  the  director.  He  reports 
directly  to  the  State  Engineer. 

The  bureaus  as  now  established  are  as  follows: 
I.     General  OflSce  Bureau. 
II.    Bureau  of  Architecture. 

III.  Bureau  of  Economics. 

IV.  Bureau  of  Highways. 

I.  The  General  OflSce  Bureau  conducts  the  business  of  the  depart- 
ment relating  to  all  other  branches,  such  as  keeping  the  records  and 
archives,  accounts,  contracts,  claims  and  payments,  legislation,  janitor 
and  messenger  service,  etc. 

II.  The  Bureau  of  Architecture,  as  its  name  implies,  designs  and 
constructs  all  state  buildings. 

III.  The  Bureau  of  Economics  has  charge  of  all  matters  pertaining 
to  hydraulics,  such  as  irrigation,  stream  measurement,  flood  control, 
reclamation,  drainage,  and  navigation. 

Plans  for  water  supply,  for  sewerage,  irrigation,  drainage  and 
reclamation,  roads  and  bridges,  topographic  surveys  of  grounds  and 
surveys  of  land  boundaries  for  all  state  institutions  are  entrusted  to 
this  bureau. 

Supervision  of  dams  and  bridges  is  exercised  through  this  bureau. 

This  bureau  also  has  charge  for  the  state  of  cooperative  topographic 
surveys,  hydrology  and  irrigation  investigations. 

The  oflSce  of  State  Roads  is  also  in  this  bureau.  By  this  is  meant 
the  roads  owned  by  the  state  in  the  mountain  regions  as  distinguished 
from  the  state  highways  under  the  Highway  Commission. 

IV.  That  branch  of  the  department  designated  herein  as  Bureau 
of  Highways  was  created  for  the  purpose  of  carrying  out  the  Highway 
Bond  Acts.  It  has  such  a  huge  task,  requiring  so  complete  an  organ- 
ization for  one  specific  purpose  that  it  almost  constitutes  a  separate 
department.  It  is,  however,  a  part  of  the  Department  of  Engineering 
and  is  administered  through  the  direction  of  members  of  the  Advisory 
Board  delegated  to  that  duty. 

PERSONNEL. 

At  the  date  of  this  writing,  November  1,  1916,  the  Department  of 
Engineering  is  organized  as  follows: 

ADVISORY   BOARD. 

Hiram  W.  Johnson ___ _ Governor  (Chairman^ 

W.  P.  McClure _ State  Engines 

J.  J.  Dwyer _. _ President  State  Board  of  Harbor  Oommfsslonan 

P.  W.  Hatch__- ..General  Superintendent  of  State  Hoipltala 

Charles  D.  Blaney  (Chairman),  N.  D.  Darlington,  Charles  P.  Stem State  Highway  CommlBsion 
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Alexaoder  Gordon 

G.  W.  Tatterson,  Stoclcton. 
W.  J.  Smith,  Grand  Island. 


CONSULTING    BOARD. 


.Cbalrman 


M.  J.  Bogrgs,  Colusa. 

K.  S.  Brown,  Sacramento. 


EXECUTIVE  OFFICE. 


TIU« 


N&ma 


Entered 
service 


State  Engineer ,  W.  P.  Mc(Mure. 

Secretary  ,;  Earle  Freeman  . 


Feb.  12,  1912 
Mar.  13,  1612 


GENERAL  OFFICE   BUREAU. 
Secretary    _ ._ Director 


Title 


Name 


Entered 
I         service 


I^Tlfilon  of  Correspondence— 

Stenographer 

Stenrigrapher 

Mee^nger   

Division  of  Accounts-— 

Auditor 

Filing  Clerk 

Filing  Clerk 

Clerk    _ 

Clerk    _ 

Clerk    

Clerk    _ .„ 

Clerk 

Stenographer    

Stenographer    


Lucy  K.  Adams '  April  1,  1812 

Henrietta   Burt   _ May  16,  1913 

Wesley  J.  Ketcham .J  July  21,  1915 

J.  H.  Clarke Nov.  11,  1011 

Clias.  Johaston  July    8,  1907 

J.  C.   MoCalmont... —  Mar.  26,  1912 

A.   J.   .Adanw.- May  28,  1909 

If.   B.  Olovcr May  16,  1916 

Thos.  Mc(\iHy _ Feb.     1,  1916 

P.    M.    Stewart... — July  28,  1816 

N.  E.  White- April  15,  1912 

M.  A.  Ahern June    1.  1916 

G.  H.  HerTnansen... Aug.    4,  1916 


BUREAU    OF   ARCHITECTURE. 

State  Architect -. Director 

Anistant  State  Architect. — Superintendent 


Title 


Name 


Entei-wl 
service 


IMr«ctor*»  Ofllce— 

State  Architect _ 

Aitslstant  State  Architect 

Stenographer __ 

Stenographer _ 

.^tmographer 

*Terk   

Blue  Printer _ 

Arehlteetural  Division—  , 

Awifitant  State  Arcliltect Chief  I 

<'hlef  Architectural  Designer. , 

Architectural  Designer 

Architectural  Designer 

SpecMcatloD  Writer , 

Fctiniator    

Draftsman   

.Draftsman   . 

Draftsman   

Draftsman   

Draftsman   

I>niftsman   

Draftsman   

Draftsman   

Engineering  IMvlsion— 

General  Superintendent  Chief 

General  Superintendent 

Structural  Engineer  

Mechanical  Engineer i 

Mechanical  Draftsman - i 

S— 27395 


(leorpe  B.  McDouffall.. Aug.  22, 

•faj!.   S.   Dean Aug.    1, 

Grace  K.    DuPour Aug.    1, 

I-:i>-a  Korli Mar.  25, 

(Jladys  McMillan  Aug.    3, 

Harold    McMillan   Oct.     1, 

Prank  Butler April   1, 


(Miaj«. 
R.  K. 
A.  K. 
W.  (\ 
I.    C. 


P.   T)«»an Sept.  23, 


Backus Sept.    1, 

WirldoW'on July  17, 

Houph.. Aug.  11, 

Satterlee July  17, 

(leo.  J.  AdauifJ Au>?.  10, 

W.  K.  KaunilMTprr Aujr.  24, 

P.  W.  iK'LonKctiunips Aug.  11, 

J.  a.  Heath Feb.     1, 

H.    P.   Horn Aug.  25, 

Walter  J.   Lont: Nov.  12, 


(^nrleton    Picrsou   Jan. 

Leroy  P.  SImtwooiI. I  Jan. 


20, 
1, 


1913 
1912 
1912 
1014 
1918 
19U 
1912 


1911 
1912 
1911 
1913 
1914 
1915 
1014 
1913 
1913 
1913 
1912 
1913 
1913 


Clunneo  11.  Kroiiier _.    Feb.  16,  1913 

L.  B.  Luppen Aug.    1,  1912 

A.  J.  Zf^chokke ,  Jan.     7,  1914 
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BUREAU    OF   ARCHITECTURE— Continued. 


Title 


Name 


Entered 
service 


July  12.  1915 


Engineering  Division— Continued. 

Mechanical  Draftsman J-  B.  Hawley 

Mechanical  Draftsman ;  C.  A.  Henderlong ;  April  28,  1914 

Mechanical  Draftsman ;.  K.  H.  Hogan... Mar.    4,  1914 

Mechanical  Draftsman _ '  L-   E.   Rushton- _ July    6,  1915 

Mechanical  Draftsman _    P.  H.  Stelner _ Oct.   19,  19U 


Mechanical  Draftsman. 

Klectrical  Engineer 

Electrical  Draftsman  . 


C\  G.  Zschockelt i  June  80,  1915 

G.  D.  Jones 

G.  M.  Simonson ,  Sept.  22,  1913 


BUREAU  OF  ECONOMICS. 
Assistant  State  Engineer _ Director 


Title 


Name 


Entered 
serrlce 


Assistant  State  Engineer _ — 

Flood  Control  and  Reclamation  Division- 
Assistant  State  Engineer Chief 

Flood    Control   Engineer^ _ 

Navigation  Division- 
Assistant  State  Engineer Chief 

Chief  Engineer,  San  Francisco  Harbor". 

Hydrographer 

Superintendent  of  RJver  Work 

Foreman,  river  work __ _ 

Foreman,  river  work 

Clerk    - 

Boat  Engineer 

Cook    - - 


Irrigation  Division- 
Assistant  State  Engineer Chief 

Project   Examiner  _ 

Division  of  Cooperative  Research — 

Assistant  State  I':nglncer Chief 

U.  S.  Geological  Survey- 
Topographic    _ 

Hydrographic  _ _ - 

U.  S.  Departm  nt  of  Agrirclulture— 

Irrigation  Inquiry  _. 

Division  of  Institutional  Service — 

Assistant  State  Engineer Chief 

Engineer 

State  Road  Division- 
Assistant  State  Engineer Chief 

Road  Engineer _ 

I.ocallon  Engineer  __ ' 

Road  Superintendent  


Road  Superintendent 
Road  Superintendent 
Road  Superintendent 
Road  Superintendent 
Road  Superintendent 
Road  Superintendent 
Road  Superintendent 
Road  Superintendent 
Road  Superintendent 
Road  Superintendent 
Road  Superintendent 
Road  Superintendent 


Paul  M.  Norboe- 


E.  A.  Bailey June    1,  1912 


May  17,  1907 


Frank  G.  White _i  July    7,  1916 

J.   n.  Brown_._ '  June  20,  1913 

W.  W.  Wooldridge |  Jan.    1,  1908 

Frank   E.    Wooldridge Sept.   1,  1900 

Cllflford  Childers  May  15.  1912 

Thomas  Sweeney  April  20,  1914 

Orland  W,  WaUace May  15,  1912 

Horn  Wo"* Nov.    2,  1914 


W.  L.  Hubert. 


Occasional. 


George  A.  Davis.. 
H.  D.  McGlashan. 

Prank  Adams 


K.   D.  Xlckcr.Mon _ April  18,  1914 


H.  H.  Blee  .._ 

April  10, 

1913 

R.   F.  Williams^ 

Feb.  15, 

1912 

E.  M.  Baxter 

June    1, 

1910 

H.   L.   Leventon _. 

Sept.  16, 

1915 

(Jrant   P.   Merrill 

Aug.  15. 

1912 

L.  H.  Cook_ - 

Oct.   — . 

1912 

H.  K.  Wood._-- 

May  21, 

1915 

F.   W.    Matthews-- 

July  15, 
June  29, 
Dec.   30, 
June    1, 

1911 

W.  H.  Stone-.. 

1915 

Chas.   M.   Stewart. 

1911 

L.   C.   (^hase 

1913 

W.    H.    Dool .._ 

Oct.     1, 

1914 

E.   E.  Xcwell 

June    7, 

1915 

J.    E.    Mitchell 

May  IS. 

1912 

W.  J.  C.  Dinsuiore.— 

May  28. 

1913 

^Assigned  to  duty  with  State  Reclamation  Board. 

^Appointe*!  Chief  Kngineer,  San  Franei><fo  Harbor  Commipsion,  .suecee<iing  Jerome  K.  Newman, 
July  1,  1916. 

■'Native  American  of  Chinese  parentage. 

*Oocasionally  employed   for  ppccial  occasions. 

^Transferred  from  HIgliway  Commission  Wvision,  June  6,  lOTC. 


personneij.  19 

The  Bureau  of  State  Highways,  under  the  directorship  of  the  High- 
way Commission  with  Mr.  A.  B.  Fletcher,  Highway  Engineer,  has  vsuch 
an  extensive  list  of  employees,  and  inasmuch  as  the  commission  will 
submit  separate  report  of  its  work,  the  personnel  is  omitted  here. 

In  addition  to  the  employees  enumerated  above,  which  constitutes 
a  permanent  force  required  for  the  orderly  conduct  of  the  various 
duties  devolving  upon  the  Department  of  Engineering,  there  is  a  large 
number  of  semipermanent  and  temporary  employments  such  as  road 
engineers,  foremen  and  laborers,  teamsters,  cooks,  etc.,  employed  on 
mountain  roads  during  the  summer;  foremen,  laborers,  cooks,  etc., 
employed  from  time  to  time  on  river  work ;  draughtsmen,  tracers,  com- 
puters, inspectors,  etc.,  required  in  the '  architectural  division  during 
rushes  of  work,  and  extra  clerks  and  stenographers  in  the  several 
divisions  at  times  when  work  accumulates. 
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STATE  INSTITUTIONS. 


The  state  institutions  for  which  the  services  of  the  Department  of 
Engineering  are  required  under  the  law,  are  as  follows: 

Educational. 

Chico  State  Normal  School. 

Fresno  State  Normal  School. 

Humboldt  State  Normal  School,  Areata. 

Los  Angeles  State  Normal  School. 

San  Diego  State  Normal  School. 

San  Francisco  State  Normal  School. 

San  Jose  State  Normal  School. 

Santa  Barbara  State  Normal  School  of  Manual  Arts  and   Home 

Economics. 
San  Luis  Obispo  State  Polytechnic  School. 

Elfemosynary. 

('alifornia  School  for  the  Deaf  and  the  Blind.  Berkeley. 

Industrial  Home  of  Moclianical  Trades  for  Adnlt  Blind,  Oakland. 

State  Hospitals. 

Agnews,  Agnew,  Santa  Clara  County. 
Mendocino,  Ukiah,  Mendocino  County. 
Napa,  Napa,  Napa  County. 
Norwalk,  Norwalk,  Los  Angeles  County. 
Southern  California,  Patton,  San  Bernardino  County. 
Stockton,  Stockton,  San  Joaquin  County. 

Sonoma  State  Home  (for  feeble-minded  children),  P]ldridge,  Sonoma 
County. 

Punitive. 

State  Prison,  R^^presa,  Sacramento  County. 
State  Prison,  San  Queutin,  Marin  County. 

liefomiatory. 

Preston  School  of  Industry,  Iqhe,  Amador  County. 
Whittier  State  School,  Whittier,  Ijos  An»relos  County. 
California  State  School  for  Girls,  Ventura,  Ventura  Countv, 

Military. 

Veterans'  Home,  Yountville,  Napa  County. 
State  Arsenal  and  Armory,  Sacramento. 
State  Armory,  San  Francisco. 
State  Armory,  Los'Anf?eles. 
State  Armory,  Stockton. 

Mkcellaneous. 

State  Capitol,  building  and  grounds,  Sacramento. 

Governor's  ^Mansion,  Sacramento. 

State  Printing  Office,  Sacramento. 

State  Fair,  buildings  and  ^'rounds,  Sacramento. 

Sutter's  Fort,  buildings  and  grounds,  Sacramento. 


Hlnuon  SoUno,   Son 


Old  Onck  Church  at  For 
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Harbor  Front,  wharves,  piers  and  building,  San  Francisco. 

Mission  Solano,  Sonoma  County   (restoration). 

Old  Russian  Church,  Fort  Ross  (restoration). 

State  Fish  and  Game  Commission,  Hatcheries. 

Los  Angeles  Exposition  Building. 

State  Office  Buildings,  Sacramento  (authorized,  not  commenced). 

State  Office  Buildings,  San  Francisco  (authorized,  not  commenced). 

Architectural  service  at  state  institutions. 

All  work  of  the  department  pertaining  to  state  buildings,  whether 
relating  to  the  preparation  of  plans  and  specifications,  or  erection  and 
installation,  including  mechanical  plants  of  every  kind,  is  executed 
by  the  architectural  bureau  of  the  department,  and  a  review  of  the 
work  accomplished  by  that  bureau  will  be  found  under  the  report  of 
the  State  Architect. 

Engineering  service  at  state  institutions. 

Whenever  improvements  are  contemplated  at  an  institution,  whetlier 
it  be  a  new  building,  or  whether  water  pipes,  sewers,  walks  or  drives 
are  to  be  extended,  the  first  thing  needed  is  a  topographic  map,  showing 
the  location  of  existing  buildings  and  all  the  natural  and  artificial 
topographic  features  of  the  grounds.  To  meet  this  demand  the  depart- 
ment has  from  time  to  time  executed  surveys  at  several  institutions  and 
constructed  maps  thereof,  so  that  now  the  department  possesses  such 
maps  of  many  of  the  state  institutions.  Lack  of  funds,  however,  has 
prevented  the  prosecution  of  these  surveys  for  all  institutions.  The 
absence  of  data  furnished  by  such  maps  is  keenly  felt  whenever  the 
architects  are  called  upon  to  design  a  new  building,  as  its  location  and 
surroundings  control  or,  at  least,  suggest  the  type  of  architectural 
appearance  to  be  given  to  the  building.  The  engineers  who  d(\sign  the 
heating,  water  supply  and  sewage  are  greatly  aided  in  their  studies 
by  accurate  maps.  The  proper  location  of  roads,  drives  and  walks, 
and  the  arranging  of  scenic  effects  by  the  lands(^ape  artists  are  also 
better  done  when  access  is  had  to  such  data. 

It  is  hoped  that  the  department  will  soon  ho.  able  to  make  such  maps 
(if  all  institutions  not  yet  surveyed,  and  to  ])ring  those  already  made 
up  to  date. 

Agnews  State  Hospital. 

Snnrage^  Excepting  for  breal<s  in  the  outfall  sewer  from  washout.s 
caused  primarily  by  the  work  of  a  dredge,  there  has  been  little  trouble 
with  the  sewer  system.  These  breaks  were  repaircMl  upon  the  advice  of 
the  department  by  the  employees  of  the  hospital. 

The  disposal  of  sewage  here  is  by  dischar«:e  into  San  Francisco  Bay. 
Many  of  the  to^ras  and  cities  situated  around  the  bay  discharge  their 
raw  sewage  into  the  head  of  the  bay.  Although  the  waters  are  subject 
to  daily  tides,  the  sewage  is  not  carried  out  to  sea,  but  remains  to 
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decompose  in  a  comparatively  small  area.  The  offense  from  this  will 
in  a  few  years  become  unbearable,  and  the  discharge  of  raw  sewage 
into  the  bay  will  be  prevented. 

This  is  a  matter  that  should  be  given  thought  at  the  State  Hospital 
and  plans  prepared  for  a  treatment  plant  that  will  render  its  wastes 
inoffensive. 

Layid  Drainage.  In  previous  reports  it  has  been  pointed  ou.t  that  a 
large  part  of  the  hospital's  lands  could  be  made  more  productive  by 
drainage.  A  plan  has  been  partially  worked,  out,  but  nothing  has  ever 
been  done  to  carry  it  into  effect.  The  matter  is  again  commended  for 
consideration. 

Mendocino  State  Hospital. 

Water  Supply.  The  dam  and  reservoir  provided  for  in  two  appro- 
priations, 1911  and  1913,  of  $12,500  each,  has  been  completed.  The 
dam  is  63  feet  high  and  the  reservoir  has  a  capacity  of  about  45,000,000 
gallons.  This,  with  the  8,000,000  gallons  of  the  old  reservoir,  should 
give  the  institution  ample  water  for  a  long  time. 

The  construction  of  this  dam  proved  to  be  much  more  difficult  than 
had  been  anticipated.  What  appeared  on  the  surface  to  be  a  rock 
ledge  proved  to  be  badly  shattered  underneath,  and  it  was  necessary 
to  carry  the  concrete  of  the  dam  nearly  a  hundred  feet  into  the  rocky 
mass. 

Even  at  this  distance  the  formation  was  not  satisfactory,  and  it  was 
believed  that  a  water-tight  contact  could  not  be  effected.  It  was 
thought,  however,  that  any  leakage  around  the  dam  through  the  country 
rock  would  not  become  dangerous  to  the  structure.  Its  completion 
and  the  filling  of  the  reservoir  proved  the  correctness  of  the  theory,  as 
when  the  water  had  reached  a  depth  of  50  feet  on  the  dam,  leakajre 
around  it,  which  appeared  in  the  creek  bed  below,  developed  to  quite 
a  considerable  (juantity. 

This  leakage  is  all  intercepted  by  the  lower  dam,  and  so  long  as  it 
does  not  exceed  in  quantity  the  capacity  of  the  pipe  lines  conveying 
the  water  to  the  hospital,  no  loss  will  occur. 

It  is  not  seen  now  how  the  leaks  can  be  stopped  excepting  at  great 
cost,  but  as  no  danger  is  apparent  it  is  not  ])elieved  action  of  any  kind 
is  reciuired. 

F(  fyairs  to  lower  dam.  This  dam,  27  feet  hijrh,  was  constructed  sev- 
eral years  ago,  before  the  state  had  a  department  to  design  such  works. 
The  scH'tion  is  so  thin  that  only  the  very  best  of  materials  and  workman- 
ship could  have  preserved  it.  A  slight  vertical  cn^ck  developed  in  the 
mason rv  over  the  outlet,  and  as  no  s'uitable  foundation  could  be  found 

t 

for  buttress(\s,  a  rock  fill  wjis  placed  against  the  downstream  face  of  the 
dam.     To  prevent  the  fill  being  washed  away  by  fioods,  the  dam  being  of 
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the  overflow  type,  a  wasteway  was  cut  in  the  crest  of  the  dam  and  a  con- 
crete chute  built  down  the  slope  of  the  fill,  terminating  in  an  upturned 
apron  at  the  lower  end  to  deflect  the  water  upward  and  beyond  the 
footings,  where  it  falls  upon  a  ledge  of  rock,  avoiding  all  scour. 

Pipe  Line.  An  appropriation  of  $15,000  was  made  by  chapter  192, 
1915,  to  replace  the  old  pipe  line  which  became  so  badly  corroded  as 
to  be  frequently  breaking  and  threatened  complete  failure.  The  new 
pipe  was  laid  and  completed  under  the  direction  of  the  department, 
superintendence  and  inspection  was  furnished  by  the  hospital,  Mr.  N.  S. 
Burge,  general  manager,  being  in  charge.  The  unskilled  labor  was 
mastly  performed  by  patients. 

Napa  State  HospitaL 

Water  Supply,  The  water  for  domestic  use  and  irrigation  is  obtained 
from  three  sources,  viz:  a  storage  reservoir  in  a  canyon  above  the 
institution,  from  Spencer  Creek  and  from  wells  on  the  grounds. 

The  dam  making  the  reservoir,  which  is  called  by  the  people  at  the 
hospital  Lake  Marie,  was  constructed  several  years  ago.  It  was  under 
construction  at  the  time  the  Department  of  Engineering  was  created, 
and  was  completed  under  the  direction  of  the  department. 

It  ifi  an  earth  and  rock  fill,  having  a  concrete  core  wall  and  rock 
riprap  on  the  water  slope.  An  ample  wasteway  is  provided  by  a  cut 
through  rock  at  one  end  of  the  dam. 

In  the  spring  of  1916  a  leak  developed  which  caused  the  management 
of  the  hospital  considerable  alarm.  An  engineer  from  the  department 
\Tsited  the  dam,  and  while  he  did  not  find  that  any  immediate  danger 
threatened,  under  his  direction  the  water  was  lowered  in  the  reservoir. 
When  the  surface  had  fallen  about  four  feet  the  leak  ceased,  indicating 
that  the  cause  existed  somewhere  within  four  feet  of  the  height  of  the 
wasteway.  The  inflow  from  the  creek  had  ceased,  so  it  was  not  possible 
to  raise  the  surface  of  the  water  and  start  the  leak  again,  so  as  to  form 
a  'Mead"  to  trace  to  its  origin.  It  is  intended  that  when  the  reservoir 
shall  fill  again,  explorations  shall  be  made  to  a.seertain  the  cause  and 
apply  remedies. 

Withdrawing  water  as  above  stated  depleted  the  supply  to  such  an 
extent  that  the  institution  was  threatened  during  the  summer  with  a 
serious  shortage.  The  supply  from  Spencer  Creek  had  practically 
ceased.  One  of  the  two  good  wells  at  the  institution  was  last  two  years 
ago  by  accidentally  dropping  a  heavy  pump  into  it,  which  resisted  all 
effort  to  remove. 

An  old  unused  well  in  the  boiler  room  was  cleaned  out,  relined  with 
new  casing  and  put  into  service.  This,  with  the  old  well  already  in 
use,  furnished  about  120,000  gallons  a  day  when  being  pumped  con- 
tinuously.    Early  in  October  the  management  engaged  a  well-driller 
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to  drill  another  well  on  the  grounds,  but  at  the  date  of  this  writing  it 
is  not  completed.  It  is  not  anticipated  that  these  wells  will  furnish 
more  water  than  is  required  with  the  most  rigid  economy,  unless  copious 
rains  shall  soon  occur  to  fill  the  reservoir. 

The  experience  of  this  season,  with  the  certainty  that  the  quantity 
of  water  needed  for  the  institution  will  be  greater  every  j^ear,  demon- 
strates the  imperative  need  for  measures  to  be  at  once  adopted  to  secure 
a  sufficient  supply  from  anotlier  source. 

It  has  been  suggested  that  another  dam  might  be  constructed  in  the 
canyon  about  a  mile  below  Lake  Marie. 

In  the  absence  of  data  as  to  run-oflf  and  without  thorough  exploration 
of  the  proposed  reservoir  site  this  department  feels  grave  doubt  that 
a  reservoir  of  sufficient  capacity  can  be  filled,  or  if  filled,  that  it  would 
hold  the  water  impounded.  This  doubt  is  due  to  the  knowledge  of  the 
very  limited  area  of  watershed  tributary  to  the  site,  and  to  the  broken 
character  of  the  rock  formiiip:  the  floor  of  the  reservoir. 

It  is  believed  that  a  careful  recounais«nce  of  the  hills  and  canyons 
for  several  miles  around  mitrht  disclose  an  ample  supply  of  water  for 
Napa  State  Hospital,  as  well  as,  possibly,  some  other  near-by  state 
institution. 

The  Tide  Land  llccUnnation.  The  reclamation  of  380  acres  of  tide 
lands  along  the  Nai)a  River,  as  related  in  the  last  report,  has  proved  very 
effective  and  has  added  a  large  area  to  the  productive  farming  lands 
of  the  hospital.  The  tract  is  in  need  of  a  drainage  system,  the  operation 
of  which  will  extend  the  cropping  season  in  the  lowest  portions  several 
moTiths.     The  department  is  considering  plans  for  such  system. 

Stockton  State  Hospital. 

Farm  Drainage.  In  former  reports  it  has  been  stated  that  the  hos- 
pital farm  some  two  or  three  miles  from  the  institution  is  subject  to 
inundation.  That  danger  is  now  fairly  well  protected  against,  but  the 
surfac^e  drainage  from  the  higher  lands  of  the  farm  accumulates  in 
the  low  lands,  and  being  augmented  by  seepage  from  the  water  against 
the  outside  of  the  levees,  renders  the  lowest  portions  unproductive. 
Estimates  have  been  furnished  to  the  institution  showing  that  a  pump- 
ing plant  to  clear  the  land  will  cost  about  $7,000. 

Sonoma  State  Home. 

^Vater  Supply.  The  water  for  domestic  use  at  this  institution  is 
obtained  from  s(»veral  springs  in  the  wooded  ravines  of  the  hills  in 
the  western  portion  of  the  estate.  The  water,  which  is  of  most  excellent 
quality,  is  conveyc^d  in  inm  pipits  to  two  concrete  tanks  of  about 
1,000.000  gallons  capacity  each,  situated  on  a  hill  about  150  feet  in 
elevation  above  the  groinuls  of  the  home.  From  these  tanks  it  is  dis- 
tributed to  the  buildings  and  grounds.     For  many  years  this  source 
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furnished  siiflScient  water  for  domestic  purposes  and  also  for  irrigating 
the  lawns,  but  with  an  incriease  in  population  the  supply  became 
inadequate. 

In  1910  the  department  constructed  an  earthen  dam  across  the  lower 
end  of  a  small  valley  in  the  hills  about  a  mile  back  of  the  home,  creating 
a  reservoir  with  a  capacity  of  about  seventy-five  acre  feet.  A  pipe  line 
to  the  institution  enables  this  water  to  be  used  for  irrigation  about  the 
grounds ;  to  supply  fire  hydrants,  and  also  furnishes  water  for  flushing 
purposes  in  some  of  the  buildings.  The  quality  of  the  water,  however, 
renders  it  unfit  for  domestic  use,  and  it  is  excluded  from  the  domestic 
pipes. 

A  gas  engine  in  the  creek  which  traverses  the  estate  pumps  water 
through  a  pipe  line  to  the  dairy  farm,  where  it  is  used  for  irrigating 
garden  truck. 

The  domestic  supply  is  not  fully  up  to  the'  requirements  of  the  home. 
In  the  summer  when  the  flow  from  the  springs  reaches  the  minimum, 
much  apprehension  is  felt  that  a  shortage  will  ensue,  and  with  the 
accession  of  population  which  will  follow  the  completion  of  accommoda- 
tions for  them  now  under  construction  or  contemplated,  the  supply  will 
surely  be  insufficient.  Some  saving  can  be  made  in  the  use  of  water 
by  improving  the  plumbing  of  some  buildings,  but  undoubtedly  an 
increase  of  population  will  create  demands  that  can  not  be  met  from 
the  present  source. 

The  new  buildings  now  being  erected  will  also  need  a  supply  of  irriga- 
tion water  to  improve  its  grounds.  This  can  not  be  had  from  the 
present  system. 

An  appropriation  of  $10,000  was  made  (chapter  433,  Statutes  1913) 
for  improving  the  water  supply.  An  attempt  was  made  by  drilling 
wells,  but  failed  to  find  a  supply. 

The  geologic  formation  of  the  covmtry  in  the  near  vicinity  of  the 
home  does  not  give  encouragement  that  a  source  of  supply  of  potable 
water  sufficient  for  the  institution  can  be  found  within  a  reasonable 
distance. 

The  department  is  now  working  upon  a  plan  to  install  a  pumping 
plant  to  take  water  from  the  bed  of  Sonoma  Creek,  and  use  that  for  all 
purposes  that  do  not  require  pure  water,  and  to  install  a  plant  to  ster- 
ilize and  filter  that  required  for  domestic  use. 

Scweragr.  The  hydrolytic  tank  under  construction  at  the  time  of 
the  la.st  report  has  been  completed  and  installed  witli  a  chemical  plant 
for  treating  the  effluent.  It  has  given  satisfactory  service  since  its 
installation,  but  has  not  been  in  operation  long  enough  to  determine  the 
best  method  of  manipulation  under  the  changing  conditions  of  con- 
tinuotis  use. 


26  BIENNIAL  REPORT  OF  DEPARTMENT  OF  ENGINEERING. 

The  boys'  barracks  being  constructed  on  the  grounds  is  located  away 
from  the  system  of  sewer  pipes,. and  will  require  an  independent  line 
to  reach  the  hydrolytic  plant.  No  funds  are  now  available  for  that 
purpose. 

Roads.  During  the  present  biennium  the  road  to  the  fields  in  the 
hills  has  been  changed  in  alignment,  substituting  a  grade  of  8  per  cent 
maximum  for  the  former  dangerous  grades.  The  funds  were  not  suffi- 
cient for  surfacing  all  of  it,  but  it  is  probable  that  the  surfacing  may  be 
accomplished  a  little  at  a  time  by  the  institution. 

There  is  need,  though,  of  an  appropriation  to  extend  road  building 
into  the  remote  hayfields. 

State  Fair  Grounds. 

An  act  approved  June  6,  1913,  appropriated  $10,000  to  be  used  for 
the  disposal  of  drainage  and  sewage  from  the  State  Fair  grounds  at 
Agricultural  Park,  Sacramento. 

Owing  to  the  absence  of  any  Newel's  or  means  of  public  disposal  of 
sewage  in  the  portion  of  the  city  where  the  fair  grounds  are  situated, 
sanitary  conditions  were  extremely  bad,  and  growing  worse  at  each 
recurrence  of  the  State  Fair.  There  being  no  means  of  effecting  proper 
disposal  of  the  sewage,  temporary  expedients  were  re-sorted  to  each 
year  until  1916. 

The  city's  new  sewer  system  was  extended  to  the  vicinity  of  the  fair 
grounds,  the  local  system  was  connected  up  in  time  to  be  of  service  to 
the  National  Guard  ]\robilization  Camp,  which  preceded  the  State  Fair 
a  few  weeks. 

For  tlie  purpose  of  connecting  the  system  with  the  city's  sewers,  new 
lines  were  laid  throughout  the  grounds  as  well  as  connecting  several 
wash  racks  at  the  barns  and  stock  pens. 

The  State  Fair  now  has  a  complete  and  serviceable  sewer  system  so 
laid  that  all  new  buildings  erected  in  the  future  may  be  easily  connected 
therewith. 


BUREAU  OF  ARCHITECTURE  REPORT  COVERING  OPERATIONS 
FROM  NOVEMBER  1,  1914  TO  OCTOBER  31,  1916. 

Ky  (Jkoiwje  B.  McDorGAi.L,  Stato  Architect. 

The  Bureau  of  Architecture  of  the  Department  of  Engineering  has 
charge  of  all  work  of  the  Department  of  Engineering:  First,  at  23 
different  state  institutions,  which  have  a  combined  population  in 
students,  patients  and  i)risoners  of  about  20,000;  and  second,  at  17 
other  state  institutions  or  enterprises,  making  a  total  of  40  different 
institutions  and  enterprises. 

During  the  ])i('nnial  period  just  ended  tlie  bureau  1ms  been  housed 
on  the  sixth  floor  of  the  Forum  building,  under  conditions  which  have 
l)een  satisfactory  and  favorable  to  the  production  of  the  best  results. 
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There  were  authorized  by  the  legislature  of  1915,  81  special  appropri- 
ations, aggregating  $1,148,365.08,  for  building  construction  distributed 
amongst  these  40  different  institutions  and  enterprises  and,  in  addition 
to  this,  estimates  from  the  several  boards  of  management  have  been 
approved  during  the  past  two  years  for  43  different  pieces  of  construc- 
tion, similarly  distributed,  aggregating  in  cost  $216,055.26.  This,  added 
to  the  amount  of  the  appropriations,  makes  a  total  of  $1,364,420.34  for 
124  different  pieces  of  work. 

There  is  necessarily  a  considerable  amount  of  office  work  done  in 
connection  with  proposed  construction  at  these  various  institutions  that 
is  never  carried  through  and  is  not  taken  into  account  in  the  above 
figures.  In  addition  to  this,  it  is  impossible  for  us  to  deny  requests 
for  counsel  and  advice  from  the  various  institutions,  and  the  aggregate 
amount  of  time  given  during  a  biennial  period  to  consultation,  making 
of  sketches  and  general  assistance,  is  very  considerable. 

Of  these  124  pieces  of  work  referred  to  above,  14  were  of  a  value 
less  than  $1,000;  75  were  between  $1,000  and  $12,500;  13  were  between 
$12,500  and  $20,000 ;  19  were  between  $20,000  and  $50,000,  and  three 
were  over  $50,000. 

The  extremely  large  proportion  of  work  of  small  cost  as  indicated 
by  the  figures  just  given,  together  with  work  in  connection  with  pro- 
posed construction  never  erected  and  the  large  amount  of  time  con- 
sumed in  advisory  consultation,  already  referred  to,  make  the  average 
percentage  of  cost  for  our  office  work  higher  than  would  be  the  case 
otherM'ise. 

For  the  purpose  of  indicating  in  detail  the  cost  of  our  work,  a  list 
of  29  items,  fairly  representing  the  total  of  124,  is  given  at  the  end  of 
this  report.  The  total  cost  of  these  29  pieces  of  construction  as  shown 
by  our  hooks  is  $466,209;  the  expense  for  our  office  work,  $23,790.57,  or 
5.10  per  cent  of  the  total,  and  the  expense  for  inspection  $9,801.72,  or 
2.1  per  cent  of  the  total.    These  constructions  are  entirely  completed. 

In  the  biennial  report  for  the  period  which  ended  October  31,  1914, 
it  was  shown  that  the  cost  percentages  corresponding  with  those  given 
above  were  4^  per  cent  and  J  per  cent ;  this  indicates  increases  for  the 
period  ended  October  31,  1916,  of  |  per  cent  for  the  office  work  and 
IJ  per  cent  for  inspection.  Notwithstanding  these  figure.s,  there  has 
been  a  very  considerable  increase  of  efficiency  during  the  biennial 
perioil  ended  Octol>er  31,  1916,  over  the  biennial  period  immediately 
preceding  it,  for  the  reavson  that  during  the  latter  136  pieces  of  work  of 
an  aggregate  cost  of  $3,222,378.81  were  handled,  and  during  the  former 
124  pieces  of  work,  or  only  12  pieces  of  work  less,  of  an  aggregate  cost 
of  only  $1,364,420.34.  or  only  a  litth*  over  one-third  the  cost,  were 
bandied.  Furthermore,  in  the  figures  above  given  in  connection  with 
both  the  biennial  periods,  and  on  which  the  percentages  are  computed. 
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*'days  labor"  work,  for  which  the  bureau  acts  as  contractor  and  builder, 
as  well  as  architect,  are  included;  during  the  period  ended  October  31, 
1916,  the  expenditure  for  this  '^days  labor"  work  was  $216,055.26, 
whereas  during  the  period  ended  October  31,  1914,  only  $163,973.81 
was  expended  in  this  way.  Also,  during  the  period  ended  October  31, 
1916,  our  overhead  for  this  *'days  labor"  work  was  greatly  increased 
on  account  of  going  into  greater  detail  than  before,  in  getting  bids, 
with  the  result  that  the  bids  themselves  have  been  much  lower,  having 
much  more  than  offset  the  increase  in  our  overhead. 

The  schedule  of  proper  minimum  charges  of  the  American  Institute 
of  Architects,  which  schedule  today  governs  the  practice  of  all  our  best 
architects,  makes  6  per  cent  of  the  total  cost  the  architect's  minimum 
compensation  in  any  case,  and  where  the  work  is  of  small  cost,  and  in 
connection  with  the  remodeling  of  existing  buildings,  10  per  cent  and 
sometimes  15  per  cent  of  the  cost  is  paid;  the  institute's  schedule  also 
provides  that  the  owner,  in  addition  to  this  percentage  payment,  shall 
defray  the  expense  (amounting  to  about  1  per  cent  of  the  total  cost) 
involved  in  securing  special  expert  service  covering  structural  engi- 
neering and  mechanical  engineering,  which  latter  includes  power  plants, 
heating,  ventilating  and  electrical  engineering  (all  of  which  items  are 
included  in  the  5.10  per  cent  a})ove  mentioned),  also  the  expense 
involved  in  the  continuous  service  at  the  building  site  itself  of  a  clerk 
of  works  or  superintendent  of  construction,  which  corresponds  to  our 
expense  for  inspection.  In  cases  where  the  architec^t  acts  also  as  general 
contractor,  which  cases  correspond  to  our  *'days  labor"  work,  the 
builder's  fee  of  10  per  cent  is  added  to  the  fee  of  the  architect,  thus 
making  the  total  cost,  outside  of  that  of  the  special  expert  service  above 
referred  to,  16  per  cent;  this  *'days  labor"  work  as  done  by  the  Bureau 
of  Architecture  was  included  as  almve  indicated  in  arriving  at  the 
average  cost  of  5.10  per  cent  already  mentioned. 

As  a  means  of  increasing  efficiency,  we  are  putting  into  effect  a 
change  in  the  organization  of  the  entire  Department  of  Engineering.  A 
K-eview  Board,  composed  of  tlie  State  Engineer,  the  State  Architect 
and  the  heads  of  divisions,  has  ])een  formed  and  meets  monthly.  Com- 
mittees, composed  of  the  various  nieni])crs  of  the  board,  consider  and 
make  suggestions  regarding  the  different  branches  of  the  department's 
work,  which  are  discussed  by  the  board  and  put  into  effect  when  they 
are  found  to  be  sound.  One  of  the  results  of  this  scheme  of  organization 
will  be  the  preservation  for  tlie  benefit  of  those  who  come  after  the 
present  occupants  of  tlie  various  i)()sitions  in  the  department,  of  the 
rules  and  methods  of  operation  which  have  been  proven  by  experience 
to  be  best. 
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Under  this  changed  scheme  of  organization  the  Bureau  of  Archi- 
tecture, as  already  stated,  is  responsible  for  all  Department  of  Engi- 
neering work  at  all  the  state  institutions.  The  State  Architect  is  the 
director  of  the  bureau.  The  Assistant  State  Architect  has  general  super- 
vision over  all  the  work  of  the  bureau  and  is  chief  of  the  Division  of 
Architecture.  The  General  Superintendent  is  chief  of  the  Division  of 
Engineering,  which  includes  mechanical,  electrical  and  hydraulic  engi- 
neering, also  all  work  in  the  field.  This  change  in  responsibility  and 
organization  of  the  Bureau  of  Architecture  is  resulting  in  better  control 
and  consequently  in  increased  efficiency  in  handling  the  department's 
work  at  the  institutions. 

The  state  should  have  the  best  work  in  architecture  as  well  as  along 
all  other  lines.  The  Bureau  of  Architecture  is  securing  this  kind  of 
work  about  as  follows : 

A  full  appreciation  of  the  building  needs  of  the  various  state 
institutions  is  secured  by  frequent  consultation  with  the  executive 
heads  and  boards  of  management  and  by  frequent  visits  of  the 
State  Architect  and  his  assistants  to  the  institutions. 

The  designers  in  charge  of  the  planning  and  designing  of  the 
))uildings,  from  having  been  in  the  state's  employ  for  a  consider- 
able length  of  time,  have  become  specially  expert  as  to  the  building 
needs  of  the  state  institutions  and  the  best  methods  of  meeting 
them. 

An  ample  force  of  draftsmen — architectural,  structural,  mechan- 
ical and  electrical — ^is  employed,  with  the  result  that  working 
drawings,  large  scale  drawings  and  full-size  details,  as  the  basis 
for  bids  and  contracts,  are  thoroughly  complete;  this  is  true  also 
of  the  specifications  which  form  a  part  of  the  basis  for  bids  and 
contracts;  the  specification  writers  keep  in  continuous  touch  with 
the  market  as  to  all  building  materials.  Since  our  mechanical  and 
electrical  engineers,  structural  engineers  and  specification  writers, 
also  our  cost  estimators,  work  in  conjunction  with  our  an^hiteotural 
men — ^all  employees  being  under  the  continuous  charge  of  heads  of 
the  several  divisions — we  are  especially  well  situated  to  secure 
perfect  and  complete  sets  of  working  drawings  and  specifications 
with  a  minimum  of  lost  motion. 

Our  drawings  more  clearly  delineate  all  the  dc^tails  of  construc- 
tion than  the  drawings  which  the  average  architect  provides  and, 
on  account  of  the  clearness  of  our  drawings  and  specifications, 
bidders  are  able  to  estimate  more  closely  the  cost  of  the  work;  the 
lower  bids  run  very  close  to  each  other  in  practically  every  case. 

The  above  conditions  as  to  drawings  and  specifications,  taken  together 
with  the  continual  presence  at  building  sites  of  competent  inspectors, 
make  it  possible  for  us  with  the  least  friction  and  expense  to  secure  the 
completed  buildings  in  accordance  with  contract  agreements.  Field 
inspectors  are  kept  in  constant  touch  with  the  office,  through  the  super- 
vision of  the  general  inspector,  who  is  connected  with  the  Engineering 
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Division.  The  testing  engineer  of  the  State  Purchasing  Department 
cares  for  the  analysis  and  testing  of  materials  entering  into  the  con- 
struction of  buildings  where  such  analysis  and  test  are  necessary  to 
eliminate  doubt  as  to  whether  quality  and  combinations  of  materials 
agree  with  specification  reciuirements. 

A  change  was  made  by  the  legislature  of  1915  in  section  11  of  the 
engineering  law;  this  section  now  provides  that  the  Board  of  Control, 
with  the  approval  of  the  Governor,  may,  in  cases  where  the  best  inter- 
ests of  the  state  require  it,  arrange  for  the  selection  of  the  architects 
from  outside  the  Department  of  Engineering,  by  public  competitions, 
the  State  Architect  being  the  architectural  advisor  of  the  Board  of 
Control  in  instituting  and  conducting  such  competitions.  This  course 
is  now  being  followed  in  connection  with  the  San  Francisco  State 
Building,  and  is  to  be  followed  also  in  connection  with  the  Capitol 
Extension  buildings  to  be  erected  in  Sacramento. 

The  present  organization  of  the  Bureau  of  Architecture  of  the 
Department  of  Engineering  and  this  provision  for  the  holding  of  com- 
petitions provide  the  means  of  efficiently  meeting  all  the  exigencies  of 
the  state 's  building  requirements. 

Following  is  the  partial  list  of  construction  hereinabove  mentioned, 
with  the  total  cost  of  each  item  and  the  percentage  of  expenditure  for 
services  in  the  office  and  inspection  in  the  field : 
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PART  II. 


HYDROECONOMICS. 

Every  body  of  water  has  its  uses,  and  often  one  body  may  have 
several  uses,  all  contributing  to  the  welfare  of  man.  Broad  arms  of 
the  sea,  stretching  inland,  offer  easy  highways  for  cheap  communica- 
tion and  transportation  for  the  communities  along  their  shores.  Broad 
rivers  afford  like  facilities  for  commerce,  and  also  furnish  water  for 
irrigation  of  the  lands  along  their  banks  to  produce  that  commerce. 
Tributary  streams  contribute  power  for  lighting  the  streets  and  homes 
of  communities  created  by  the  benign  influences  of  the  others,  as  well 
as  operating  the  myriad  wheels  of  industry.  And  all  unite,  in  the  mad 
moods  of  nature,  to  send  destruction  and  ruin  upon  the  works  of  their 
beneficence. 

Each  body  or  stream  has  problems  of  its  own  to  be  solved  that  its 
forces  may  be  directed  to  beneficial  use,  some  akin  and  some  dissimilar 
in  the  methods  of  their  solution. 

SACRAMENTO  RIVER  PROBLEMS. 

That  in  the  Sacramento  Valley  lies  a  million  acres  of  land  periodically 
laid  waste  by  the  flood  waters  of  the  Sacramento  River  is  too  well 
known  to  need  extended  mention  here.  That  concrete  effort  is  being 
made  to  rescue  that  vast  body  of  land  from  waste  and  convert  it  into 
an  asset  to  the  state  is  also  known ;  but  the  method  by  w^hich  it  is  pro- 
posed to  acc'omplish  that  object  is  not  well  understood  by  all.  Indeed, 
many  who  are  directly  connected  with  the  reclamation  of  the  Sacra- 
mento Valley  and  the  control  of  its  rivers,  misunderstand  the  plan  and 
how  it  is  to  l)e  carried  out. 

The  Sacramento  River  traverses  the  valley  for  a  distance  along  its 
course  from  Red  Bluff  to  Suisun  Bay  of  2()4  miles.  The  banks  of  the 
river  are  higher  than  the  land  some  distance  away  on  either  side  between 
the  river  and  the  uplands  rising  to  the  foothills.  This  condition  creates 
a  long,  wide  trough  on  each  side.  Tributary  streams  entering  at  inter- 
vals have  built  up  delta  ridges  acros,s  the  troughs,  converting  them  into 
basins.  A  notable  example  of  this  is  the  Knights  Landing  ridge  which 
divides  the  west  side  trough  into  Colusa  and  Yolo  basins.  The  channel 
of  the  river,  occupying  the  ridge  between  the  two  troughs,  is  limited 
in  its  capacity  to  carry  water. 

From  Red  Bluft*  to  the  confluence  of  Stony  Creek  the  water  keeps  well 
to  the  channel,  but  below  that  point  the  capacity  is  reduced,  and  flood 
waters  are  spilled  over  the  banks  into  the  basins.  From  Colusa  to 
Finithcr  Fiiver  the  capacity  of  the  Sacramento  River  between  banks  is 
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only  30,000  seeond-feet  (cubic  feet  per  second),  while  the  records  show 
that  at  Iron  Canyon  the  flood  flow  has  reached  254,000  second-feet, 
which  flow  was  augmented  by  the  waters  of  Stony  Creek  and  other 
smaller  streams  on  the  west  and  by  Mill  Creek,  Antelope  Creek,  Chico 
Creek  and  others  on  the  east,  all  running  large  volumes  not  measured. 
Without  including  these  numerous  additions  it  is  seen  that  the  volume 
of  water  entering  the  upper  reaches  of  the  river  is  eight  or  ten  times 
the  capacity  of  the  river  through  Glenn  and  Colusa  counties  to  carry  it. 

Any  water  in  excess  of  30,000  second-feet  must,  of  necessity,  spill 
over  into  the  basins  at  each  side.  These  basins  contain  the  most  fertile 
land  in  the  valley  and  their  owners  have  for  many  decades  endeavored 
with  varying  success  to  build  levees  around  them  to  keep  the  water  off. 
So  long  as  these  ejfforts  were  confined  to  small  areas,  little  effect  was 
had  upon  the  flood  plane  of  the  water  occupying  the  unreclaimed 
remainder,,  but  as  the  levees  were  extended,  joined  together  and  made 
continuous,  holding  the  water  within  narrower  areas,  the  flood  plane 
rose  until  it  overtopped  or  breached  the  works  confining  it,  and  again 
inmidated  the  basins.  This  happened  again  and  again,  and  the  condi- 
tions became  more  and  more  aggravated  as  the  storage  way  in  the  basins 
was  reduced. 

As  the  river  progresses  down  the  valley  its  volume  grows  greater, 
the  Feather  River  enters  it,  bringing  the  water  from  its  own  watershed 
as  well  as  from  the  Yuba  and  Bear  rivers.  It  is  joined  just  above  the 
city  of  Sacramento  by  the  American  River.  The  measurements  of  flood 
flows  show  that  the  influx  of  water  to  the  valley  from  Red  Bluff  to 
Sacramento  has  amounted  to  550,000  second-feet.  The  river  channel  at 
and  below  the  city  has  a  carrying  capacity  of  only  a  little  more  than 
100,000  second-feet,  or  about  one-sixth  of  the  quantity  that  would  have 
reached  Sacramento  in  the  floods  if  it  had  not  spread  over  the  basins 
on  eack  side,  and  been  stored  there  to  run  oft'  gradually. 

Engineers  have  estimated  that  floods  occurring  before  measurements 
were  undertaken  have  reached  a  flow  of  more  than  800,000  second-feet 
in  the  valley. 

Whenever  the  waters  leave  the  river  to  reach  the  basins  they  erode 
ehannels  which  continue  to  carry  water  after  the  water  of  the  stream 
has  receded  within  the  banks  of  the  river.  Such  division  of  the  mid- 
stage  and  low  water  flow  causes  bars  to  form  in  the  main  river  and 
impedes  navigation.  To  prevent  injury  to  navigation  the  integrity  of 
the  banks  of  the  river  must  be  maintained  and  side  channels  never 
allowed  to  reach  the  low  water  plane  so  as  to  divide  the  waters  needed 
for  the  carriage  of  boats. 

Many  engineers  and  commissions  have  given  study  to  the  problems 
involved,  and  all  agree  that  the  only  way  to  protect  the  low  lands  from 
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inundation  is  to  provide  channels  through  them  to  carry  away  the  water 
that  has  spilled  over  the  banks  of  the  river.  And  to  preserve  the  nav- 
igability of  the  river  its  banks  must  be  held  intact  by  providing  inde- 
structible weirs  for  the  passage  of  the  excess  waters. 

The  government  in  1893  created  the  Debris  Commission  and  directed 
it  to  devise  means  of  controlling  the  inflow  of  mining  debris  from  the 
mountains  and  of  improving  and  maintaining  navigable  conditions  on 
the  rivers.  After  seventeen  years  of  study,  experiment  and  research 
the  commission  presented  a  plan*  to  effect  the  objects  for  which  it  had 
been  created. 

While  the  duties  imposed  upon  the  Debris  Commission  were  confined 
to  devising  means  to  aid  navigation,  the  report  submitting  its  plan 
declares  that  there  is  no  other  way  known  to  the  commission  by  which 
navigation  can  be  maintained  and  improved  except  the  one  offered 
which  involves  flood  control  of  the  streams  and  reclamation  of  the  lands. 
Since  the  works  necessary  to  improve  navigation  would  benefit  other 
interests  it  was  considered  that  the  cost  should  be  borne  by  all  who  are 
to  receive  the  benefits,  i.  e,,  the  government,  the  state  and  the  land- 
owners. 

The  plan  is  to  construct  strong  levees  on  each  bank  of  the  river  so  as 
to  make  the  channel  carry  all  the  water  possible  with  safety.  To  con- 
struct concrete  weirs  at  selected  points  through  which  the  excess  waters 
will  be  discharged  under  control.  To  construct  artificial  channels 
through  the  basins  of  ample  dimensions  to  carry  the  waters  turned  out 
of  the  river.  To  bring  all  of  the  waters  together  at  the  outlet  of  the 
valley,  and  to  enlarge  the  outlet  so  as  to  freely  discharge  the  accumu- 
lated waters  without  ** backing'*  them  up  in  the  channels  above. 

The  cost  of  the  works  as  planned  was  estimated  at  $33,800,000,  and 
it  was  recommended  that  the  government  pay  one-third  and  the  state 
two-thirds.  In  alloting  two-thirds  of  the  cost  of  the  work  to  the  state 
it  was  thought  that  it  would  be  equally  divided  between  public  appro- 
priations and  assessments  upon  the  lands  benefited  by  permanent 
reclamation. 

The  report  was  transmitted  to  the  House  of  Representatives  on  June 
27,  1911,  and  two  days  later  referred  to  the  Committee  on  Harbors 
and  Rivers. 

An  extra  session  of  the  legislature  being  called  to  consider  other 
matters,  the  Governor  included  in  his  proclamation  commendation  of 
the  commission 's  flood  control  project  for  consideration. 

By  an  act  approved  December  24,  1911,^  the  report  of  the  Debris 
Commission  was  approved  with  such  modifications  and  amendments 


'Chapter  25,  Statutes,  extra  session,  1911. 
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as  might  be  found  advisable  as  a  plan  for  controlling  the  flood  waters, 
improving  navigation  and  reclaiming  the  overflow  lands. 

Thus,  for  the  first  time  in  the  long  history  of  this  matter,  did  the 
state  of  California  adopt  a  policy  and  commit  itself  to  a  definite 
method  of  procedure.  In  addition  to  approving  the  report  of  the  com- 
mission the  act  created  a  State  Reclamation  Board  to  carry  the  project 
into  effect  so  far  as  concerned  the  state 's  share. 

This  board  was  given  jurisdiction  over  any  plan  of  reclamation 
imdertaken  on  the  Sacramento  and  Feather  rivers  in  order  that  such 
plans  should  not  conflict  with  the  flood  control  project  as  approved  or 
to  be  modified  and  amended  by  the  board.  The  State  Engineer  was 
directed  to  procure  data  and  make  such  surveys  as  might  be  required 
to  enable  the  Reclamation  Board  to  prepare  details  for  the  proposed 
plans. 

The  adoption  of  a  settled  policy  of  state  control  over  reclamation  and 
flood  control  in  a  way  that  gave  promise  of  absolute  protection  greatly 
stimulated  individual  effort  along  those  lines.  Indeed,  so  actively  did 
private  interests  enter  upon  the  reclamation  and  so  diligently  did  they 
prosecute  extensive  plans,  approved  by  the  Reclamation  Board  so  as 
to  not  only  avoid  encroaching  upon  the  Debris  Commission  plan,  but 
on  the  contrary  to  form  part  of  those  proposed  works,  it  was  soon  found 
that  a  great  deal  of  the  public  work  planned  by  the  commission  was 
being  done  by  private  enterprise,  making  it  possible  to  eliminate  much 
of  the  cost  estimated  in  the  commission 's  report  of  1910.  Thereupon, 
the  Committee  on  Rivers  and  Harbors  of  the  House  of  Representatives 
on  December  2,  1912,  requested  the  Board  of  Engineers  for  Rivers  and 
Harbors  to  review  the  report  embodied  in  II.  R.  Document  No.  81, 
62d  Congress,  and  to  report  subsequent  information  and  conclusions 
thereon. 

In  compliance  with  that  request  the  Debris  Commission  reported 
February  8,  1913,  giving  account  of  the  tremendous  development  above 
mentioned  and  the  great  progress  made  toward  accomplishing  the  end 
sought  in  its  former  report.  The  commission  estimated  that  in  view 
of  what  had  been  accomplished  and  the  work  already  planned  by  private 
enterprise,  the  joint  governmental  costs  to  complete  the  works  for  the 
control  of  debris  and  floods  and  improvement  of  navigation  according 
to  the  plans  contemplated  in  its  1910  report  would  be  $11,717,000,  not 
including  the  $800,000  appropriated  jointly  for  work  at  the  mouth 
of  the  river,  and  not  including  costs  for  rights  of  way. 

The  commission  recommended  that  one-half  of  the  estimate,  or 
$5,858,500  be  paid  by  the  United  States  and  the  other  half  by  the  state, 
and  that  all  rights  of  way  be  furnished  without  cost  to  the  United 
States.  It  will  be  seen  from  the  above  stated  figures  that  the  national 
government's  share  of  the  cost  has  been  reduced  nearly  one-half.     The 
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land  owners,  however,  will  not  be  so  fortunate,  since  they  are  expected 
to  procure  the  rights  of  way  and  the  price  charged  for  the  land  to  be 
taken  will  far  exceed  the  prices  considered  in  the  original  estimate. 

The  $800,000  mentioned  above  as  having  been  formerly  appropriated 
jointly  by  the  United  States  and  the  state  was  for  initial  work  in  enlarg- 
ing the  mouth  of  the  river  as  recommended  in  a  preliminary  report  of 
the  Debris  Commission  made  in  1907.  Making  the  mouth  of  the  river 
larger  is  a  necessary  part  of  the  adopted  scheme  as  foreseen  in  the  pre- 
liminary report  and  incorporated  in  the  subsequent  reports. 

With  the  funds  appropriated  two  large  suction  dredges,  the  Sacra- 
mento and  the  San  Joaquin,  were  built,  and  have  been  operating  since 
the  summer  of  1913,  with  funds  appropriated  from  time  to  time  by 
both  congress  and  the  legislature. 

The  necessity  for  enlarging  the  mouth  of  the  river  in  advance  of  the 
completion  of  the  controlling  works  in  the  valley  above  is  apparent  upon 
consideration  of  the  physical  conditions  existing.  It  was  stated  that 
the  measured  flow  of  floods  has  exceeded  600,000  second-feet,  and  that 
quantity  was  used  as  a  basis  for  the  works  planned  by  the  Debris 
Commission. 

The  greater  portion  of  that  vast  volume  of  water  was  spilled  by  the 
river  into  the  basins,  which  became,  then,  regulating  reservoirs,  holding 
back  the  floods  so  they  traveled  but  slowly  down  the  valley.  The  con- 
struction of  works  to  direct  that  water  into  unobstructed  channels  will 
increase  the  rapidity  of  its  progress  and  bring  it  all  together  at  the 
outlet. 

Before  work  of  enlargement  began,  the  width  of  the  river  between 
Bakers  Point  on  Sherman  Island  and  the  Montezuma  hills  was  only 
about  750  feet  with  a  cross-sectional  area  of  about  33,000  square  feet. 
So  long  as  the  waters  were  held  back  in  the  basins  and  fed  out  gradually 
they  could  escape  through  the  contracted  way,  but  when  given  quick 
transit  to  the  point  of  exit  so  small  an  opening  would  cause  disaster  to 
all  adjacent  country. 

The  work  accomplished  has  been  the  moving  back  of  the  levees  on 
Sherman  Island  and  the  excavation  of  a  channel  across  the  chord  of 
Horseshoe  Bend  below  Rio  Vista.  The  effect  of  this  work  is  noticeable 
in  the  rapidity  of  current  in  the  river  above,  even  as  far  as  the  city  of 
Sacramento.  The  operation  of  the  dredges  is  in  the  hands  of  the 
Debris  Commission,  and  details  thereof  will  be  found  in  the  report  of 
the  commission  to  be  found  at  the  close  of  this  article. 

The  surveys  and  investigations  made  for  the  Reclamation  Board 
showed  that  complete  control  of  Sacramento  River  could  not  be  effected 
until  the  floods  of  the  San  Joaquin  were  also  brought  under  subjection. 

The  act  establishing  Sacramento  Drainage  District  and  creating  the 
Reclamation  Board  was  amended  in  1913  (chapter  170,  statutes  1913), 
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enlarging  the  district  to  embrace  the  San  Joaquin  overflow  region  up  to 
Presno  County,  naming  it  Sacramento  and  San  Joaquin  Drainage 
District,  and  enlarging  the  Reclamation  Board  from  three  to  seven 
members. 

The  State  Engineer  is  directed  to  gather  data,  make  surveys  and 
investigations  for  the  formulation  of  plans  for  the  improvement  of  navi- 
gation and  the  reclamation  of  lands  subject  to  inundation  in  both 
valleys. 

The  enlarged  district  lies  in  fourteen  counties  and  embraces  1,726,553 
acres. 

SAN  JOAQUIN  VALLEY  FLOOD  PROBLEMS. 

The  area  of  the  San  Joaquin  Valley  is  more  than  twice  that  of  the 
Sacramento  Valley,  and  the  San  Joaquin  River  has  many  more  tribu- 
taries from  the  Sierras  than  has  the  Sacramento.  The  aggregate 
quantity  of  water  furnished  by  the  San  Joaquin  and  its  tributaries, 
however,  is  much  less  than  that  furnished  by  the  Sacramento.  The 
average  annual  run-off  reaching  the  Sacramento  Valley  is  27,000,000 
acre-feet,  while  that  of  the  San  Joaquin  is  a  little  less  than  14,000.000 
jicre-feet. 

The  maximum  recorded  flood  flow  of  the  Sacramento  exceeded 
600,000  second-feet  and  estimates  of  unraetered  floods  require  plans  for 
works  to  care  for  800,000  second-feet,  while  the  records  of  maximum 
flood  flows  in  the  streams  entering  the  San  Joaquin  Valley  aggregate 
325,000  second-feet.  Moreover,  topographic  conditions  divide  the 
valley  into  three  districts,  each  having  its  own  flood  areas  and  only  in 
exceptionally  high  floods  do  they  unite  their  waters. 

Unlike  the  Sacramento,  the  San  Joaquin  River  occupies  the  trough 
of  the  valley,  and  has  not  built  up  a  ridge  in  its  course  to  create  basins 
at  the  side.  The  inflowing  streams  from  the  sides,  however,  have  built 
up  delta  cones,  which  meeting  from  opposite  sides  form  ridges  across 
the  valley,  thus  dividing  it  into  basins. 

The  general  shape  of  the  valley  is  that  of  an  elongated  ellipse,  extend- 
ing from  the  foot  of  Tehachapi  Mountains  in  a  northwesterly  direction 
to  a  junction  with  the  Sacramento  Valley  at  the  confluence  of  the  two 
rivers,  the  dimensions  being  about  270  miles  in  length  and  20  to  60 
miles  wide,  and  embracing  7,500,000  acres  as  against  3,500,000  acres  in 
Sacramento  Valley.  About  two-thirds  of  the  valley  lies  on  the  east  of 
the  trough,  and  one-third  on  the  west. 

Several  streams  fed  by  the  snows  of  the  Sierras  enter  from  the  east, 
but  those  on  the  west  having  their  origin  in  the  low  arid  Coast  Range 
furnish  no  considerable  amount  of  water  to  the  Ran  Joaquin  River. 

Kern  River  enters  from  the  east  some  30  miles  from  the  extreme  head 
of  the  valley.  It  has  built  a  delta  cone  entirely  across  the  valley  t^o  the 
foothills  on  the  opposite  side  and  formed  a  basin  within  which  its  waters 
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are  impounded.  The  lowest  bottom  of  the  basin  is  marked  by  Kern 
and  Buena  Vista  lakes.  When  excessive  floods  have  filled  the  basin 
to  overflowing  the  waters  flow  northward  in  Buena  Vista  Slough. 

Kings  River  enters  the  valley  some  75  miles  from  Kern  River.  This 
stream  has  built  a  large  cone  into  the  valley  which,  meeting  a  similar 
one  from  Los  Gatos  Creek  on  the  west,  has  formed  a  ridge  which  creates 
a  basin  south  of  it  of  which  Tulare  Lake  is  the  bottom.  The  summit  of 
this  ridge  is  about  30  feet  in  elevation  higher  than  the  bed  of  Tulare 
Lake  at  its  lowest  point  and  some  60  feet  higher  than  the  bed  of  San 
Joaquin  River  to  the  north. 

San  Joaquin  River,  entering  20  miles*  north  of  Kings  River,  runs 
in  a  course  perpendicular  to  the  axis  of  the  valley  30  miles  or  two- 
thirds  of  the  way  across,  where  it  turns  abruptly  to  the  right  and  con- 
tinues thence  in  the  trough  of  the  valley. 

Thus  it  is  seen  that  Kern  and  Kings  rivers  deliver  their  waters  into 
separate  basins  presenting  separate  problems  of  control  from  those  of 
the  San  Joaquin  River  to  the  north. 

Although  each  section  has  the  problem  of  protecting  its  lands  from 
its  own  waters,  San  Joaquin  is  menaced  by  the  occasional  filling  of 
Tulare  Lake  to  overflowing  and  discharging  its  floods  into  the  swollen 
waters  of  San  Joaquin,  and  likewise  Tulare  Lake  floods  are  augmented 
by  the  escaping  waters  of  Kern  Lake  basin.  Furthermore,  both  Kem 
and  Kings  rivers  sometimes  divide  before  reaching  their  respective 
basins,  and  by  delta  channels  discharge  part  of  their  floods  over  the 
ridge  into  the  adjoining  territory — Kem  River  into  Tulare  Lake  and 
Kings  River  into  San  Joaquin,  and  if  Tulare  Basin  is  already  full 
when  Kern  River  water  reaches  it  that  water  then  adds  its  volume  to 
the  water  flowing  into  the  San  Joaquin. 

It  has  been  stated  that  investigations  for  the  Reclamation  Board 
showed  that  complete  reclamation  and  flood  control  of  the  Sacramento 
Valley  could  not  be  effected  without  also  controlling  the  waters  of  the 
San  Joaquin. 

From  the  above  discussion  it  also  appears  that  flood  control  works  on 
the  San  Joaquin  must  be  constructed  to  care  for  additional  waters  from 
Kings  River  and  Tulare  Lake  as  well  as  some  from  Kem  River,  and 
that  any  scheme  for  flood  control  and  reclamation  in  Tulare  Lake  basin 
must  also  consider  the  necessity  of  providing  against  injury  from  the 
excess  waters  of  Kern  River. 

The  correlation  of  all  the  problems  presented,  and  their  correct 
solution  by  the  design  and  erection  of  works  adequate  to  reclaim  and 
render  safe  against  floods  of  more  than  3,000,000  acres  of  valuable  land 
with  its  hundreds  of  homes,  and  a  score  of  cities  and  towns,  does  not 

•All  of  these  (lliitanoes  arc  air-line  measurements,  scaled  from  the  map  and  are  onlv- 
approximate. 
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appear  to  be  possible  excepting  through  the  agency  of  a  single  directing 
body  with  large  powers. 

The  state  has  been  for  years  gathering  data  which  will  be  useful  in 
devising  a  comprehensive  flood  control  project  for  the  San  Joaquin 
VaUey. 

Some  years  ago  civic  bodies  in  the  valley  induced  the  United  States 
C4)ngress  to  appropriate  funds  for  investigating  the  feasibility  of  restor- 
ing navigation  on  the  San  Joaquin  River.  That  appropriation  in  the 
ram  of  $32,277.50  was  made  in  1912,  and  coupled  with  the  provision 
that  the  state  should  furnish  an  equal  amount.  There  being  no  appro- 
priation available,  the  Department  of  Engineering  joined  with  the 
United  States  army  engineers,  and  allotted  the  sum  of  $32,277.50  from 
its  funds  to  meet  the  government  appropriations,  making  a  fund  of 
$64,555  for  the  purpose. 

Surveys  and  research  were  made,  covering  the  topography  of  the 
valley  subject  to  inundation,  the  stream  flow  of  the  river  and  its  tribu- 
taries, the  possibility  of  increasing  the  summer  flow  by  means  of  storage, 
the  feasibility  of  providing  navigation  by  dams  and  locks,  and  all  other 
subjects  relating  to  canalization,  as  well  as  the  control  of  floods  in  aid 
of  navigation.  The  studies  made  in  connection  with  the  survey 
extended  to  the  partial  consideration  of  Kings  River  and  Tulare  Lake 
and  their  relation  to  San  Joaquin  River. 

The  Department  of  Engineering  in  its  general  studies  of  the  subjects 
of  canalization,  irrigation  and  reclamation,  apart  from  the  specific 
subject  just  mentioned,  has  collected  considerable  data  concerning  con- 
ditions affecting  Tulare  Lake  and  has  extended  its  research  to  the  flood 
waters  of  Kern  River  reaching  the  lake. 

All  of  the  data  collected  by  both  the  above  named  agencies  are  being 
analyzed  and  studied  by  this  department  in  connection  with  its  work 
with  the  Reclamation  Board  for  the  Sacramento  and  San  Joaquin 
Drainage  District. 

If  the  plenary  powers  possessed  by  the  Reclamation  Board  concerning 
the  affairs  of  the  Sacramento  and  San  Joaquin  Drainage  District  were 
extended  to  the  territory  against  whose  assaults  defensive  works  must 
be  designed,  it  would  result  in  complete  correlation  of  all  interests,  the 
equitable  division  of  costs,  and  the  ultimate  construction  of  one  com- 
prehensive system  of  works  insuring  safety  to  2,000,000  acres  of  fertile 
land,  and  hundreds  of  miles  of  navigable  channels  extending  through  a 
territory  as  large  as  either  the  kingdom  of  Holland  or  of  Belgium. 

While  this  report  can  not  with  propriety  forecast  the  recommenda- 
tions to  be  based  upon  the  investigations  made  in  cooperation  between 
the  army  engineers  and  the  state,  under  the  joint  appropriations  above 
described,  the  department's  independent  research  warrants  the  belief 
that  when  navigation  shall  be  developed  throughout  the  interior  to  the 
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fullest  extent  attainable  at  cost  commensurate  with  the  benefits  to  Ix^ 
derived  all  debris-carrying  flood  waters  will  be  excluded  from  ship 
channels.  Such  exclusion  can  be  accomplished  in  the  San  Joaquin 
Valley  at  least  as  far  up  as  Stockton  by  a  system  of  by-pass  channels 
through  the  delta  regions. 

The  further  discussion  of  this  phase  of  the  subject  will  be  resumed 
herein  in  another  chapter  devoted  to  navigation. 

The  details  of  engineering  work  in  connection  with  the  operations 
of  the  Sacramento  and  San  Joaquin  Drainage  District  it  is  not  consid- 
ered necessary  to  recite  here,  but  their  description  is  left  to  be  set  forth 
by  the  Reclamation  Board  in  its  report  of  its  administration. 

FLOOD  PROBLEMS  OF  OTHER  STREAMS. 

Nearly  every  stream  which  traverses  populated  territories,  whether 
large  navigable  rivers  or  intermittent  streams  flowing  only  a  part  of  the 
year,  at  times  visits  danger  and  destruction  upon  the  communities  along 
its  course. 

The  Colorado  River,  from  the  waters  of  which  the  great  Imperial 
Valley  is  irrigated,  in  1904  forsook  its  channel  to  the  Gulf  of  California 
and  created  havoc  and  destruction  in  its  way  to  Salton  Sea.  The  task 
of  changing  it  back  to  its  old  course  required  several  years  of  continuous 
effort  and  the  expenditure  of  millions  of  dollars. 

The  efforts  of  Imperial  Irrigation  District  have  at  last  resulted  in 
complete  control  of  the  Colorado  with  works  that  give  promise  of  per- 
manence and  efficiencj". 

Los  Angeles  and  San  Gabriel  rivers  have  both  been  on  the  rampage 
several  times  within  the  last  few  years,  doing  damage  amounting  to 
many  millions  of  dollars. 

The  Santa  Ana  has  also  contributed  to  the  destruction  of  lands  and 
orchards  which  its  waters  in  their  benign  moods  have  created. 

The  San  Diego.  Sweetwater  and  Tia  Juana  rivers  and  in  fact  all  of  the 
streams  of  San  Diego  County  a  few  months  ago  were  filled  with 
unprecedented  floods,  washing  out  railroad  and  highway  bridges  and 
doing  a  vast  amount  of  other  damage. 

In  the  northern  part  of  the  state,  Mad  River  and  Eel  River,  both  in 
Humboldt  County,  have  from  time  to  time  risen  in  their  might,  and  in 
addition  to  carrying  away  bridges  and  houses  have  attacked  the  rich 
lands  along  their  banks,  washing  whole  farms  into  the  sea.  These 
streams  with  their  steep  gradi(»nts  and  swift  currents,  great  redwood 
trees  riding  the  flood  waves,  attack  all  protective  works  with  well-nigh 
irresistible  force.  Only  the  most  substantial  bulwarks  can  resist  the 
blows  of  those  huge  battering  rams. 

There  are  several  laws  under  which  communities  may  organize  to 
construct  protective  works.    Two  or  three  forms  of  reclamation  districts 
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are  provided,  flood  protection  districts  may  be  organized,  but  all  are  for 
action  upon  a  unit  basis. 

Experience  has  abundantly  proven  that  when  a  given  community 
shall  effect  its  own  protection  that  very  fact  often  constitutes  a  menace 
to  other  communities.  The  reclamation  of  a  body  of  land  over  which 
flood  waters  are  accustomed  to  flow  necessarily  compels  those  waters  to 
go  elsewhere.  As  other  reclamations  are  completed  the  waters  become 
more  and  more  concentrated,  the  flood  plane  is  raised,  requiring  higher 
and  stronger  levees  to  be  built  by  the  first  as  well  as  the  new  reclama- 
tionists.  The  water  being  held  in  confined  channels  rushes  with  greater 
speed  and  volume  to  lands  below,  to  the  destruction  of  any  feeble  works 
that  may  have  been  erected  and  rendering  reclamation  impossible. 

Every  problem  of  flood  control  must  be  worked  out  according  to  the 
conditions  present,  and  always  with  reference  to  its  effects  upon  others. 
If  a  given  community  can  effect  protection  for  itself  without  affecting 
others  outside  its  boundaries,  it  should  have  absolute  autonomy  in  all  its 
affairs.  But  if  its  methods  shall  result  in  injury  to  persons  or  property 
outside  its  territory,  then  those  threatened  with  injury  must  be  pro- 
tected, and  the  contemplated  works  so  planned  as  not  to  damage  the 
neighbors. 

It  would  seem  as  though  all  reclamation  and  flood  protection  schemes 
might  be  conducted  under  one  law  better  than  under  so  many,  and  it 
is  hoped  that  the  Water  Problems  Conference  will  present  to  the  coming 
legislature  recommendations  for  simplifying  the  laws  and  placing  the 
matters  on  a  common-sense,  workable  basis. 

TULARE  LAKE  FLOODS. 

The  close  relations  existing  between  the  flood  pr()])lems  of  the  San 
Joaquin  River  and  of  the  Tulare  Lake  and  K(^rn  River  ])a.sin.s  lia.s  led 
the  Department  of  Engineering  to  devote  special  study  to  the  latter. 
Records  of  stream  flow  measurements  have  been  kept  jointly  ])y  tlu* 
department  and  the  United  States  (leolop:ical  Survey  for  many  years. 
These  measurements  are  made  at  tlie  mouths  of  the  canyons  where  the 
streams  enter  the  valley  and  do  not  indicate  what  b(M oiiics  of  the  water 
after  it  passes  the  gaging  stations,  excopting  that  stations  have  been 
maintained  at  Tulare  Lake  from  which  a  record  is  obtained  of  the  fluc- 
tuation of  that  body. 

Kings  Rivef. 

Prom  notes  in  the  Department  of  En.irincerin«^  the  following  descrii>- 
tion  of  early  conditions  on  Kings  River  are  compiled : 

This  stream  debouches  from  the  mountains  nonr  Ccntorvillo,  almut  25  miles  east 
of  the  city  of  Fresno,  and  for  25  mil(\s  runs  bot\v(M»n  hanks  20  to  50  feet  higli. 
Near  Kingsbarg  the  banks  diminish,  and  tiienre  begins  the  delta  fan  built  by  the 
waters  of  the   river.     This    fan,    its   apex    at    the   miniature   sorpe   just   described. 
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spreads  downward  toward  the  central  trough  and  left  and  right  over  the  plains. 
It  is  this  fan  meeting  a  similar  one  built  by  the  waters  of  Los  Gatos  Creek  opposite, 
which  forms  the  ridge  dividing  Tulare  Lake  from  San  Joaquin  River. 

In  the  early  days  of  settlement  in  this  region  the  channel  of  Kings  River  was 
well  defined  all  the  way  to  Tulare  Lake.  In  the  upper  portions  of  the  delta  the 
branch  channels  were  small  and  carried  but  little  water.  A  survey  of  the  lands 
lying  in  the  delta  and  west  and  north  of  the  main  river  was  made  by  the  United 
States  Surveyor  General  in  1864,  and  the  meander  line  ran  along  the  right  bank  of 
the  river  from  just  below  where  Kingsburg  is  now,  necessarily  crossed  all  streams 
branching  oS  toward  the  west.  According  to  the  notes  of  this  survey,  Cole  Slough, 
^vhich  now  carries  all  of  the  summer  flow  and  the  major  part  of  flood,  did  not  exist. 
A  short  distance  farther  down  the  river  a  small  channel  branched  off  and  ran  west, 
but  it  was  only  a  small  channel.    The  same  with  all  other  channels  branching  off. 

The  sun'ey  followed  the  river  to  its  confluence  with  the  San  Jose  Slough  and 
thence  ran  northwest  to  Summit  Lake.  Thence  the  course  of  the  survey  was  north- 
easterly across  the  swamp  and  it  is  notable  that  no  streams  or  channels  were  no-ted 
where  the  line  now  crosses  North  or  Beall  Slough,  nor  was  any  other  channel  dis- 
covered in  a  distance  of  several  miles  and  reaching  beyond  the  swamp  meander  line. 
This  is  only  cited  as  corroborative  of  the  claim  which  is  made  with  the  force  of 
conviction  that  in  those  days  all  of  the  low  and  medium  flows  and  nearly  or  quite  all 
of  the  flood  waters  of  Kings  River  flowed  south  to  Tulare  Lake  and  it  was  only 
when  the  lake  had  filled  to  overflowing  that  water  from  Kings  River  ran  into  the 
San  Joaquin,  and  then  only  after  mingling  with  the  waters  of  Tulare  Lake. 

The  most  easterly  branch  of  the  river  which  diverted  flood  waters  was  Burris 
Slough  which  diverted  from  the  left  bank  three  or  four  miles  down  the  "fan*'  from 
the  present  head  of  Cole  Slough.  This  channel  was  one  of  the  earliest  of  those  run- 
ning south  to  be  closed  by  man,  and  water  prevented  from  running  in  it.  This  was 
done  about  1873.  Mussel  Slough,  some  three  miles  farther  down,  was  converted 
into  a  ditch  and  a  headgate  placed  in  it  The  headgate  becoming  decayed  and  the 
ditch  having  ceased  operations,  a  dam  was  constructed  across,  effectually  closing  it. 
In  the  meantime,  levees  had  been  built  across  all  depressions  by  which  high  water 
could  escape.  I^inberger  Slough  was  put  under  control  as  a  heading  for  a  ditch,  as 
also  Carothers  Slough,  which  became  the  intake  of  Rhoads  Ditch.  Both  Ijeinberger 
and  Carothers  sloughs  returned  to  the  river  several  miles  below  and  before  it  reached 
the  lake,  but  the  others  had  originally  run  to  the  lake  without  again  reaching  the 
parent  stream. 

As  previously  stated,  Cole  Slough  is  the  first  branch  from  the  river.  The  original 
Cole  Slough  was  very  small,  but  the  flood  of  18G7  opened  up  the  present  channel 
about  a  quarter-mile  upstream.  It  has  l)ei>u  enlarged  by  each  recurring  flood  until 
now  it  is  by  far  the  larger  channel. 

Several  miles  below  its  head  where  the  slough  approached  near  to  the  river  a 
settler  had  built  a  fence  of  poles  and  stake.s  with  a  ditch  alongside  to  render  it  a 
greater  barrier  to  stock.  During  the  floods  the  water  found  this  ditch  and  quickly 
enlarged  it  until  now  it  is  several  hundred  feet  wide  and  several  feet  deep.  It  is 
called  Dutch  John  Cut. 

Murphy's  Slough,  a  branch  of  Cole  Slough,  approaching  within  a  few  rods  of  the 
river  at  one  point  a  mile  or  two  above  the  present  town  of  Laton,  broke  back  into  the 
river.  The  channel  thus  made,  called  Reynolds  Slough,  has  long  been  controlled  by 
a  gate  in  it. 

Some  four  or  five  miles  below  the  old  deserted  village  of  Kingston,  founded  in 
the  "fifties"  at  Bliss  Ferry  where  traflic  crossed  the  river  to  follow  the  old  overland 
route  to  Texas,  a  channel  branched  off  and  ran  west.  It  was  known  as  North 
Fork.  This  stream  was  reported  by  the  survey  of  1804,  heretofore  referred  to  as 
being  about  80  or  OO  feet  in  width  on  top,  if  memory  serves  correctly.  It  ran 
straight  west  for  some  distance  and  then  bearing  towani  the  northwest  must  have 
discharged  water,  when  it  carried  any,  into  the  San  Joaquin  through  Fish  or 
Fresno  Slough.     It  was  closod  off  with  a  dam,  however,  in  ISGo  or  earlier. 

After  the  Xorth  Fork  was  closed,  J.  G.  James,  who  owned  a  large  tract  of  land 
along  Fresno  Sl(>u;;h,  constructed  a  ditch  diverting  from  the  river  about  two  miles 


HYDHOECONOMICS — KINGS   RIVER.  43 

above  the  head  of  North  Fork  and  conveyed  water  to  the  west.  In  1879  or  18S0, 
the  headgate  in  the  James  canal  was  washed  out  and  another  constructed.  This 
▼as  soon  wrecked  and  then  the  owners  of  the  "Grant"  as  the  rancho  on  that  side 
of  the  river  is  called,  filled  in  the  head  of  the  canal. 

Aboat  11  miles  below  the  closed  head  of  the  North  Fork  another  canal,  called 
liie  Zalda.  was  constructed,  running  west.  The  flood  of  1879  washed  around  the 
beadgate  in  this  ditch  and  considerably  enlarged  the  canal  below.  About  half  a 
mile  below  the  head  of  the  Zalda  canal,  the  Crooked  Slough  diverted  on  the  opposite 
side  of  the  river.  This  slough  rejoined  the  river  several  miles  below,  but  its  head 
was  used  as  the  intake  of  the  Rhoads  ditch.  A  brush  dam  was  maintained  in  the 
channel  of  the  river  to  force  low  water  into  the  head  of  Rhoads  ditch. 

In  the  spring  of  1884,  the  highwater  washed  the  headgate  out  of  Zalda  canal,  and 
again  enlarged  that  channel.  At  the  same  time,  or  perhaps  subsequently,  the 
Rhoads  dam,  checking  the  water  in  the  river,  caused  that  channel  to  fill  completely 
with  sand  and  debris,  shutting  off  all  flow  to  the  south  and  making  the  Zalda 
canal  the  only  river.  The  course  of  the  Zalda  canal  toward  the  west  crosses  many 
swales  and  depressions,  all  running  toward  the  south,  and  when  the  canal  became  the 
river,  which,  notwithstanding  its  enlargement,  was  unable  to  carry  all  the  water,  it 
fipilled  over  in  the  low  places  and  the  water  found  its  way  to  San  Jose  Slough 
and  thence  back  to  the  old  river  channel  several  miles  below  and  thus  into  Tulare 
Ii«ke.  Some  of  these  escapes  soon  cut  out  quite  large  channels  leading  south.  One 
or  two  of  them  terminated  in  the  shallow  basin  on  the  summit  of  the  divide  herein- 
before referred  to  as  Summit  Lake. 

The  original  Zalda  ditch  very  probably  terminated  in  Beall  Slough,  which  was 
a  more  or  less  defined  channel  traversing  the  swamp  in  a  northwesterly  direction 
and  finally  reaching  Fresno  Slough.  The  Zalda  channel  now  loses  its  name  and 
becomes  known  as  Beall  Slough. 

Shortly  after  the  river  changed  its  course  the  people  interested  about  its  mouth, 
finding  the  channel  completely  filled  for  half  a  mile  and  concluding  that  to  clean  it 
ont  and  restore  it  to  original  condition  would  be  too  exi)en.sive,  excavated  a  narrow 
cut  between  the  Zalda  channel  and  the  river,  thus  turning  some  water  down  their 
way.  This  excavation,  however,  was  never  made  to  the  same  dei)th  as  the  Zalda. 
This  cut  was  wholly  on  the  lands  of  the  "Grant"  and  having  been  made  without 
authority  of  the  owners,  the  "Grant"  people  immediately  constructed  a  headgate  in 
it  and  secured  an  injunction  from  the  courts  restraining  the  other  people  from 
interfering  with  the  headgate  or  enlarging  the  cut.  The  injunction  was  later  modi- 
fiwl  |)ermitting  the  lower-river  people  to  have  some  of  the  bottom  flash  boards 
removed,  but  the  floor  of  the  headgate  remains  hijjher  than  tlie  bottom  of  the  Zahla 
channel.  Several  things  now  combined  to  keep  the  major  part  of  the  water  running 
west.  The  maintenance  of  the  flashboards  in  the  headjrate;  the  higher  elevation  of 
the  bottom  of  the  cut ;  the  lodgment  in  the  throat  of  the  cut  of  a  large  drift  of  logs 
and  brush  which  was  allowed  to  remain  there,  retarding  flow  into  the  cut. 

Whereas  formerly  all  of  the  low  water  naturally  ran  south,  the  result  of  the 
several  conditions  enumerated  was  that  all  of  the  low  water  ran  west  so  that  it 
required  something  like  700  second-feet  before  any  would  run  down  the  old  river 
through  the  cut.  A  portion  of  this  water  would  run  into  Summit  Lake  and  when 
that  basin  had  become  full  it  would  overflow  and  run  into  Tulare  Lake.  Tlie 
owners  of  the  "Grant"  constructed  canals  diverting  from  the  Zalda  to  irrigate  their 
lands  on  the  "Island"  the  triangular  shaped  tract  of  land  lying  between  the  river  on 
the  east,  San  Jose  Slough  on  the  west  and  Zalda  canal  on  the  north,  comprising 
some  10,000  or  12,000  acres. 

For  many  years  the  conditions  stated  caused  a  division  of  the  water  to  be  such 
that  about  one-third  to  one-half  of  the  lower  flows  would  reach  Tulare  Lake. 
Then  when  the  spring  freshets  came  about  one-third  would  run  tbroucrh  the  cut. 
two-thirds  west  in  the  Zalda  and  about  one-half  of  the  Zalda  water  would  bo 
retomed  through  Summit  I>akc  and  San  .Jose  Slough  to  the  river  to  be  conveyed 
to  Tulare  I^ke. 

In  1903  the  "Grant"  constructed  a  levee  along  the  south  side  of  the  Zalda,  closing 
off  nearly  all  of  the  channels  and  depressions  that    had   formerly   taken   its  surplus 
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water  to  the  south.     One  or  two  were  left  open  and  up  to  about  1912  or  lOlo 
ran  some  water  into  Summit  Lake. 

In  addition  to  the  levee  which  has  retained  more  water  in  the  channel^  a  great 
deal  of  work  has  been  done  in  the  channel  itself,  or  at  least  in  the  Beall  Slo-u§rh 
portion,  all  of  which  it  is  claimed,  and  apparently  the  claim  possesses  logic,  that 
the  Zaida  has  constantly  increased  in  capacity  until  now  it  carries  all  of  the  water 
at  low  and  medium  stages  and  from  65  per  cent  to  SO  per  cent  at  any  stage.  Orig- 
inally, and  up  to  the  scouring  out  of  the  old  Zalda  ditch  and  the  choking  of  the 
main  river  the  flow  was  the  other  way — all  the  low  water  ran  south,  else  James 
would  not  have  built  his  canal  many  miles  in  length  nor  would  the  Zalda  ditch  have 
been  constructed  excepting  to  obtain  water  that  otherwise  would  not  run  west. 

In  times  of  flood  the  river  overflowed  its  banks  all  along  both  sides,  and  old  Cole 
Slough  carried  water  to  the  west,  filling  up  the  low  lands  north  of  Laton.  This 
water  was  drained  off,  partly  into  the  river  again  by  Reynolds  and  other  sloughs, 
partly  by  Murphy's  Slough,  which  continued  westward  and  undoubtedly  contributed 
some  to  the  Fresno  Slough  and  San  Joaquin.  On  the  opposite  side  surplus  water 
found  outlets  in  Burris,  Mussel,  Wilson  and  Leinberger  sloughs.  Further  along 
the  by-channels  became  more  numerous.  On  the  south  side  were  Carothers,  Crooked, 
Green,  Button  Willow  and  a  score  of  other  streams,  named  and  nameless,  making 
a  complex  network  of  channels.  As  the  country  became  settled  these  sloughs  were 
closed  with  dams  or  headgates  to  protect  and  reclaim  the  lands,  as  all  of  the  lands 
traversed  by  them  below  Kingston  were  swamp  and  subject  to  acquisition  upon 
being  reclaimed  from  overflow. 

TULARE  LAKE. 

Tulare  Lake  was  described  in  the  school  books  of  fifty  years  ago  as 
being  **the  largest  body  of  fresh  water  west  of  the  Mississippi  River, 
60  miles  long,  30  miles  wide  and  of  xinknown  depth.*'  The  surface 
dimensions  stated  were  not  far  wrong.  Taking  the  margin  of  the  lake 
as  meandered  by  the  government  surveys  in  1852-54,  the  area  was  about 
800  square  miles.  At  that  time  the  lake  was  full  and  the  waters  ran 
over  the  ridge  into  the  San  Joaquin  River.  Its  greatest  depth  was 
about  35  feet. 

The  survey  of  swamp  meander  lines  was  made  in  1852-53-54  follow- 
ing the  flood  of  1852,  so  that  the  lino  probably  indicates  very  closely  the 
extreme  high  water  mark. 

It  is  known  that  the  lake  has  long  been  subject  to  great  fluctuations  in 
area  and  depth,  filling  to  overflowing  at  times  of  great  floods  and  shrink- 
ing to  little  or  nothing;  when  its  supply  was  diminished  by  a  series  of 
dry  years.  History  records  floods  in  the  state  in  1852,  1862,  1867, 
1879,  1884,  1907  and  1909.  Indian  tradition  indicates  that  1805  and 
1833  were  also  years  of  extraordinary  high  water.  According  to  legend 
the  quantity  of  water  in  the  Kaweah  River  in  1883  was  much  greater 
than  any  flood  has  produced  since. 

The  Indians  had  traditions,  too,  that  their  fathers  had  walked  across 
Tulare  Lake  dry-shod.  Evidonoes  of  Indian  ha})itation  at  points  on  the 
})ed  of  the  lake  show  tliat  the  margin  of  the  water  had  remained  for 
some  considerable  periods  at  different  elevations.  Hieroglyphics  on 
rocks  in  the  foothills  east  of  the  lake  have  been  interpreted  to  read  that 
the  people  were  compelle<l  to  emitjrrate  from  the  lake  region  because  all 
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the  fish  had  died  and  the  people  had  goue  to  the  mountains  for  food. 
To  this  day  when  the  lake  waters  recede  to  a  small  quantity  enormous 
(quantities  of  fish  die  in  the  stagnant  pools. 

The  fluctuating  of  the  lake  from  full  to  dry  and  back  to  full  again 
is  an  old  story  being  repeated  at  irregular  intervals,  and  no  one  need 
hope  to  effect  permanent  reclamation  of  any  portion  of  the  lake  bed 
until  it  is  all  reclaimed  under  one  comprehensive  scheme,  which  scheme 
must  involve  the  control  of  the  flood  waters  of  the  streams  whose  waters 
make  the  lake. 

The  flood  of  1867  was  the  last  to  fill  the  lake  to  overflowing,  and  about 
1870  the  waters  began  to  recede,  never  regaining  their  former  lines. 
The  entire  area  embraced  within  the  government  meanders  was  granted 
to  the  state  under  the  Swamp  and  Overflow  Land  Act  of  1850.  As  the 
water  receded  the  uncovered  lands  were  taken  possession  of  under  the 
provisions  of  reclamation  laws. 

Under  these  laws  one  could  buy  from  the  state  in  tracts  of  640  acres, 
later  reduced  to  320  acres,  at  one  dollar  an  acre,  by  paying  20  per  cent 
down.  The  remaining  payments  could  stand  indefinitely.  The  pur- 
chaser could  obtain  letters  patent  to  the  land  upon  paying  the  remain- 
ing 80  cents  an  acre.  Should  he  elect  to  reclaim  his  land  from  its 
overflow  condition,  upon  presentation  of  proofs  satisfactory  to  the 
county  board  of  supervisors  that  it  was  reclaimed,  he  not  only  obtained 
title  but  his  payments  were  refunded  to  him.  He  could  make  the 
reclamation  alone  or  join  with  his  neighbors  in  a  district. 

Many  districts  of  all  sizes  were  formed  on  the  bed  of  Tulare  Lake, 
ranging  from  640  to  50,000  acres.  Levees  were  built  to  keep  off  the 
waters.  Most  of  these  efforts  were  honestly  intended,  though  many 
were  frauds.  Instances  occurred  whore  proofs  were  tendered  and 
allowed,  that  lands  were  '* reclaimed"  when  the  extent  of  reclamations 
was  a  backfurrow  run  around  the  land  with  a  ten-inch  plow.  Perhaps, 
since  the  water  of  the  lake  was  several  miles  distant,  such  a  claimant 
eased  his  conscience  by  the  reflection  that  his  backfurrow  was  sufficient 
for  protection  against  overflow  from  a  rfri/  lake. 

The  gradual  diminishing  of  the  lake  area  continued  with  seasonal 
fluctuations  until  in  1898  the  bed  was  nearly  dry  and  a  large  part  under 
cultivation  to  wheat,  barley  and  alfalfa.  Then  came  a  series  of  pros- 
perous years  to  the  settlers.  Farms  were  established  and  improvements 
erected  all  over  the  lake  bed. 

In  1901  the  water  came  and  flooded  a  large  area,  but  again  subsided, 
and  in  1905  the  lake  bed  was  again  entirely  dry.  But  disaster  was  due, 
and  on  March  15,  1906,  water  again  found  its  way  to  the  lake,  and  by 
June  200  square  miles  had  been  inundated,  a  very  large  proportion  of 
which  was  again  in  growing  grain,  which  before  the  advent  of  the  water 
gave  promise  of  a  ** bumper"  crop. 
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The  remarkable  flatness  of  the  lake  bed  may  be  realized  when  it  is 
remembered  that  at  a  depth  of  two  feet,  60  square  miles  are  covered 
with  water,  and  is  practically  without  slope  in  any  direction. 

In  June.  1906,  Kern  basin  overflowed  and  reached  the  lake  through 
Buena  Vista  Slough.  This  was  said  to  be  the  first  time  in  more  than 
25  years  that  Kern  River  water  had  flowed  into  Tulare  Lake.  Other 
streanus  which  had  not  reached  the  lake  for  many  years  contributed, 
and  by  August,  1906,  the  water  had  reached  a  maximum  depth  of  12.7 
feet  and  an  area  of  nearly  300  square  miles.  The  water  slightly  receded 
the  foUowing  months,  but  rose  in  the  spring  of  1907  to  the  highest  stage 
recorded  in  recent  years,  when  it  reached  a  depth  of  nearly  14  feet. 
It  began  falling  at  once,  however,  and  in  November  of  that  year  a 
careful  survey  found  the  lake  had  an  average  length  of  20  miles,  width 
13.5  miles,  depth  12.4  feet  and  area  274  square  miles.     In  December, 

1908,  the  water  had  receded  to  8.3  feet  depth,  rose  to  13  feet  in  June, 

1909,  and  stood  practically  still  during  that  summer,  declining  to  9.35 
feet  in  December,  1910. 

Looking  forward  to  the  time  when  all  of  the  interests  involved  will 
be  united  to  secure  immunity  from  devastating  floods  the  department 
has  been  putting  forth  extra  effort  to  obtain  data  that  would  be  useful  in 
solving  the  problems  of  reclamation  and  flood  control  in  the  Tulare 
Lake  region. 

During  the  spring  of  1916,  Mr.  J.  B.  Brown,  hydrographer,  was 
detailed  to  make  investigation  of  conditions  affecting  reclamation  in 
Tulare  Lake  basin,  and  his  reports  thereon  are  here  presented,  prac- 
tically verbatim : 

Flood   Conditions  of  Tulare   Lake,   1916. 

This  report  is  a  summary  of  the  field  investigations  of  certain  streams  of  Tulare 
Lake  basin  for  the  year  1916.  The  heavy  rains  of  January,  1916,  in  the  southern 
part  of  the  San  Joaquin  Valley  swelled  the  streams  draining  into  Tulare  Lake  to 
their  maximum  capacity.  Instead  of  being  flash  floods  the  flows  were  well  sustained 
and  by  March  1st  it  became  evident  that  considerable  land  in  the  lake  bottom  was 
in  danger.  These  conditions  led  to  the  setting  aside  of  funds  for  the  purpose  of 
studying  stream  flows  with  an  idea  of  using  the  data  thus  obtained  for  the  future 
planning  of  a  comprehensive  flood  control  scheme  for  the  whole  basin. 

The  State  Department  of  Engineering  commenced  field  work  on  March  23d,  by 
establishing  gaging  stations  on  Buena  Vista  Slough,  Tule  River  and  the  three 
channels  of  Cross  Creek.  Investigations  on  the  flows  of  the  South  Fork  of  Kings 
River  had  been  in  progress  since  1914  and  a  fair  rating  station  was  already  in 
operation. 

Description  of  Tulare  Lake. 

Geographic.  Tulare  I^ke  is  a  broad,  shallow  basin  occupying  the  lowest  depres- 
sion of  Tulare  basin.  It  lies  in  Kings  County  about  30  miles  south  of  Fresno  and 
40  miles  northwest  of  Bakersfield.  The  lake  bed  resembles  a  large  flat  saucer,  the 
lowest  point  of  which  is  179.1  feet  above  sea  level.  A  map  has  been  prepared  from 
public  and  private  data  showing  the  topography  of  the  lake  bottom. 

Hydrographic  Data.  Tulare  Lake  is  fed  by  the  waters  of  four  of  the  principal 
rivers  south  of   the   San   Joaquin   River,   viz:   the  south   branch  of  Kings  River. 
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Kaweah  River,  Tule  River  and  Kern  River.  Kaweah  River  reaches  the  lake  through 
the  various  branches  of  Cross  Creek,  Cameron,  and  Packwood  creeks  and  Elk  Bayou, 
The  excess  over  diversions  of  Kern  River  is  ordinarily  stored  in  Buena  Vista  Lake, 
but  in  seasons  of  exceptional  flow  sun^las  water  from  Buena  Vista  Lake  is  dis- 
charged into  Tulare  Lake  through  Buena  Vista  Slough.  Kaweah  and  Tule  rivers 
are  the  only  streams  wholly  tributary  to  the  lake.  In  former  times  Kings  River 
contributed  all  or  nearly  all  of  its  flood  flow  to  the  lake,  but  in  recent  years  its 
course  has  been  so  altered  by  artificial  means  as  to  send  most  of  its  flood  waters 
to  the  San  Joaquin  River  through  Fresno  Slough.  Interests  owning  lands  along 
Fresno  Slough  have  changed  the  course  of  the  river  so  that  they  might  obtain 
irrigation  water  during  the  summer  months.  While  this  work  has  been  beneficial 
so  far  as  flood  conditions  in  Tulare  I^ke  are  concerned,  it  has  also  \>een  detrimental 
to  those  lands  lying  on  the  southern  slope  of  the  Kings  River  delta  in  that  it  has 
greatly   reduced  the  amount  of  water  available  for  the  irrigation  of  those  lands. 

Kern  River  rarely  has  sent  any  water  to  Tulare  Lake  in  recent  years.  It  is 
said  that  for  25  years  previous  to  1906  no  water  from  Kern  River  entered  Tulare 
Lake.  In  that  year  Kern  River  water  reached  the  lake  in  the  latter  part  of  June 
and  continued  to  flow  until  late  in  the  summer.  In  1916  the  flow  from  Kern  River 
reached  the  lake  about  January  31,  1916,  and  continued  until  after  August  1st, 
following. 

The  depth  of  the  lake  has  fluctuated  between  dry  and  about  37  feet.  The  follow- 
ing data  is  taken  from  the  map  of  San  Joaquin  Valley,  18S6,  by  Wm.  Ham.  Hall 
and  describes  the  fluctuations  of  the  lake  surface  from  1852  to  1886: 

Fluctuations  of  the  Lake's  Surface. 
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'High  water  of  1852  is  known  to  have  been  as  great  as  that  of  1862.  At  low 
water  of  1861  the  surface  stood  about  204  feet  above  low  tide  in  Suisun  Bay.  At 
high  water  1862,  it  rose  to  220  feet.  Thence  it  receded  to  about  206  or  207  feet. 
High  water  of  1868  the  surface  was  at  219.6  feet.  Low  water  of  1871,  210.7. 
High  water  of  1873,  216.6. 

From  1873  to  1883  the  waters  gradually  receded  with  2  to  4  feet  annual  fluctua- 
tions to  the  low  water  of  1883,  which  was  192  feet — the  lowest  known. 

From  1883  there  has  been  a  gradual  rising,  with  annual  fluctuations,  until  at 
high  water  of  1886  it  was  about  200  feet  above  the  reference  plane. 

The  extreme  fluctuation  known  is,  hence,  about  28  feet. 

The  area  at  highest  water  (elevation  220  feet)  was  760  square  miles. 

The  area  at  lowest  water  (elevation  192  feet)   was  105  square  miles. 

The  area  at  time  of  Creighton  Survey,  1880  (elevation  208  feet),  was  445  square 
miles." 

The  reference  plane  of  Wm.  Ilam.  Hall's  map  was  the  old  State  of  California 
Datum  and  is  about  four  feet  below  the  United  States  Geological  Survey  datum  used 
on  the  map  accompanying  this  report. 

Sommarizing  the  fluctuations  of  the  lake  level  and  reducing  them  to  mean  sea  levol 
we  have  the  following: 
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A  record  of  the  fluctuations  of  the  lake  surface  from  190G  to  date  is  shown  in 
Plate  I.  This  record  was  compiled  from  United  States  Geological  Survey  reports. 
Plate  II  shows  the  fluctuations  from  1850  to  1916. 

1916  Flood. 

History.  The  heavy  rains  of  January,  1916,  caused  flood  stages  in  all  streams 
of  the  state  and  particularly  high  stages  in  those  streams  at  the  southern  end  of 
the  San  Joaquin  Valley.  On  January  17th,  Kings  River  reached  an  instantaneous 
maximum  flow  of  45,000  cubic  feet  per  second,  with  a  mean  daily  flow  of  28,50O 
second-feet.  Kaweah  River  discharged  9,000  second-feet  on  the  same  date,  while 
on  the  18th  Kern  River  had  a  mean  discharge  of  16,100  second-feet.  Later  in  the 
month  these  streams  were  again  at  flood  stages  and  high  rates  of  flow  were  main- 
tained during  February  and  Mar^h.  The  heavy  discharges  during  April,  May  and 
June  exceeded  those  of  the  earlier  months,  being  augmented  by  the  melting  snows. 

The  first  water  of  the  season  was  from  Kings  River  and  reached  the  lake  on 
January  20th.  Kaweah  River  and  Tule  River  waters  reached  the  lake  immediately 
afterward,  while  overflow  from  Buena  Vista  Lake  reached  Tulare  Lake  about 
February  1st. 

In  November,  1915,  the  flooded  area  in  the  bottom  of  the  lake  amounted  to  only 
6.6  square  miles,  none  of  which  was  included  in  so-called  reclaimed  territory. 

With  the  rise  of  the  water  successive  reclamation  levees  were  overwhelmed. 
Breaks  occurred  with  each  high  wind  until  by  midsummer  but  two  districts  remained 
intact,  El  Rico  Land  Company  and  G.  A.  Smith  Reclamation  District,  with  the 
western  part  of  the  Lovelace  District  barely  holding  against  the  water.  About 
October  Ist  the  Smith  District  levees  failed,  leaving  only  El  Rico  and  part  of  the 
Lovelace  District  out  of  water.  Of  all  the  reclamations  in  the  bottom  of  the  lake 
these  two  survived  and  they  only  by  incessant  vigilance  and  tremendous  effort. 

The  dates  breaks  occurred  and  areas  flooded  thereby  are  as  follows: 

January  26,  1916— 

12  sections  T,  21  S.,  R.  20  E. 
9^  sections  T.  22  S.,  R.  21  E. 
Reclaimed  land  flooded 13,720  acros 

February  25th — 

7  sections  T.  21  S.,  R.  19-20  E. 
Reclaimed  land  flooded 4,480  acres 

March  5th — 

Goldberg  &  Barbour  District. 
6  sections  T.  21   S.,  R.  20  E. 
Reclaimed  land  flooded 3,840  acres 

April  2d— 

I-/ewis   Reclamation   District. 
T.  21  S.,  R.  21  E. 

Reclaimed  land  floodod 14,000  acres 

May  23d— 

Part  of  Lovolnce  Rt^clamnlion. 
T.  21  S.,  R.  21  E. 
Reclaimed  land  flooded 2,370  acres 

October — 

G.  A.  Smith  Reclamation. 
T.  21  S.,  R.  19-20  E. 
Area  flooded  1,920  acres 

Total  reclaimed  laud  floodod,  1916 40,330  acres 

From  the  nuip  above  referred   to  studies  of  the  storage,  or  holding  capacity,  of 

I  he  hike  at  different  depths  has  been  made. 

The  map  below   the  llH)-foot  contour  is  based  on  Neilson's  map  of  Tulare  Lake 

bed,  and  above  that  line  is  based  on  Wm.  Ham.  Hall's  map  of  the  San  Joaquin 
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Valley,  1886.  Contours  on  the  west  side  of  Buena  Vista  Slough  are  based  on 
elevations  determined  by  a  survey  conducted  by  the  Kings  County  Development 
C<Miipany. 

Two  gages  on  Tulare  Lake  were  established  by  the  State  Department  of  Engi- 
neering. Both  were  located  on  the  property  of  El  Rico  Land  Company,  one  known 
as  the  *'Point''  gage  being  located  at  the  northwest  corner  of  section  3,  T.  22  S., 
R.  21  E.,  and  the  other  known  as  the  "Headquarters"  gage  was  located  on  the 
north  line  of  section  2,  of  the  same  township  and  range  and  in-  the  Tule  River 
canal.  The  elevations  of  the  zeros  of  these  gages  was  practically  180.0  feet.  Both 
gages  were  read  until  the  "Point"  gage  became  submerged.  The  records  were  care- 
fully kept  and  promptly  reported  by  the  officials  of  El  Rico  Land  Company. 

Tables  of  capacity  of  the  lake  for  various  flood  conditions  were  compiled,  as 
follows : 

Capacity  of  Tulare  Lake. 

Natural  Ground — No  Reclamations. 

Capacity  of  Unreclaimed  Land — Tulare  Lake. 

Capacity  of  Reclaimed  Land — ^Tulare  Lake. 

Capacity  Table— Tulare  Lake — Jan.  2G-Feb.  25. 

Capacity  Table — ^Tulare  Lake — Feb.  25-March  5. 

Capacity  Table — Tulare  Lake — March  5-April  2. 

Capacity  Table— Tulare  Lake— April  2-May  23. 

Capacity  Table— -Tulare  Lake — After  May  23. 

TABLE  No.  1. 


Capacity  of  Tulare  Lake — Natural  Ground;  no  Reclamations. 


180 
18] 
182 
183 
181 
185 
180 
187 
188 
180 
190 
101 


Contour 


Area  under 

contour, 
square  mtles 


35.40 
50.06 
82.45 
100.12 
117.08 
135.81 
151.92 
171.42 
189.21 
2P6.3S 
232.83 
244.44 


^Volume 
between  con- 
tours, square- 
mile- feet 


47.24 
TO.76 
91.28 
108.60 
126.44 
148.86 
161.67 
180.32 
198.77 
220.56 
238.64 


Capacity 
up  to  con- 
tours, square- 
mlle-feol 


14.15 

61.89 

182.15 

223.43 

332.03 

458.47 

602.83 

764.00 

944.82 

1,143.09 

1,368.67 

1,6^«.31 


Capacity 

up  to 
contour, 
acre -feet 


0.060 

80.S0O 

84,500 

148,000 

212,500 

296,500 

801,000 

489,000 

606.000 

732,000 

873,000 

1.026,600 


^A  sqaare-mile-foot  Is  on«  square  mile  covered  one  foot  In  depth  and  Is  equivalent  to  640 
acTA-teet.  ^9      4 


TABLE  No.  2. 

Capacity  of  Unreclaimed  Land  Tulare  Lake.  Use  for  Flood  Conditions  up  to 

January  26,  1916. 


Contour 


Area  under 

contour, 
square  miles 


180 

181 

181 

188 

184 


186 

187 ii~..ri..ii"" . 

188 

189 

1» """"**'*_  _"!' 


14.64 
26.65 
38.83 
47.12 
56.40 
M.34 
71.15 
77.91 
82.06 
86.57 
93.70 


Volume 
between  con- 
tours, square- 
m  lie -feet 


20.64 
32.74 
42.98 
61.76 
60.87 
67.74 
74.58 
79.96 
84  J» 
90.U 


Capacity 

up  to  coii- 

toum.  squnro- 

inllc  fcot 


4.39 
25.08 
57.77 
100.75 
152.51 
212.88 
280.62 
355.16 
485.18 
519.46 
600.60 


Capacity 

up  to 
contour, 
acre -feet 


2310 

16,050 

87,000 

64,500 

97.600 

136,400 

180,000 

227,500 

279J0OO 

882,500 

800.000 


4~«8a6 
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TABLE   No.   3. 
Capacity  of  Reclaimed  Land,  Tulare  Lake. 


Coutour 


Area  under 

contour, 
square  miles 


180 
181 
182 
183 
184 
185 
186 
187 
188 
180 
190 


20.76 

32.48 

43.02 

62.96 

00.68 

71.47 

80.n 

93.61 

107.15 

121.76 

139.13 


Volume 
between  con- 
tours, square- 

mile -feet 


26.00 

88.02 

48.28 

60.82 

06.08 

70.12 

87.14 

lOOJtS 

114.40 

130.44 


Capacity 
up  to  con- 
tours, square- 
mlle-feet 


9.70 
80JI0 
74.88 
128.00 
179.48 
246.60 
821.08 
406.82 
600.16 
028.01 
764.06 


Capacity 

up  to 
eontour. 
Rcre-feet 


6,250 
2S30O 

47,aoo 

78.400 
116^000 
157.000 
200,000 
261,900 
326,000 
899,000 
482,000 


TABLE  No.  4. 
Capacity  of  Tulare  Lake,  January  26,  1916,  to  February  25,  1916. 


Contour 


Area  under 

contour, 
BQuare  miles 


180  _ 

181  

.182  — , - - 

188  

184 -. 

185 _ ' 


27.44 
41.06 
50.91 
67.44 
77.06 
86.70 


Volume 
between  con- 
tours, square - 

mile-feet 


Capacity 
up  to  con< 
tours,  square- 
mile -feet 


84.24 
48.96 
68.18 
nJ65 
81.68 


Capacity 

up  to 
contour, 
acre-feet 


10.96 

70,000 

46.22 

29,000 

04.20 

60,000 

156.88 

1OO.O0O 

228.96 

146.500 

810.61 

lOO/MO 

TABLE    No.   5. 
Capacity  of  Tulare  Lake,  February  25,  1916,  to  March  5.  1916. 


Contour 


Area  under 

contour, 
square  miles 


180 I 

181   _ _ ' 

182 __ ' 

183   -. 

184 _ 

185 


27.56 
42.20 
59.54 
n.l9 
81.41 
01.40 


Volume 
between  con- 
toum.  square- 
mile -feet 


Capacity 
up  to  con- 
tours, square- 
mile- feet 


84.88 

60.87 
65.86 
76J» 
86.41 


11.00 

45.88 

96.75 

102.11 

888.41 

824.82 


Capacity 

up  to 
contour, 
acre-feet 


7.000 
29,400 
08,000 

lOMOO 

16S.700 
208,000 


18a 

181 

183 
184 
185 

im 

187 


TABLE    No.    6. 
Capacity  of  Tulare  Lake,  March  5,  1916,  to  April  2,  1916. 


Contour 


Area  innlcr 

ocMitour. 
SQiiiirc  miles 


2S.00 
4fi.00 

77.20 

87.42 

07.41 

104.66 

111.90 


Cap.iclty 
between  con- 
tour«i.  square- 

mlle-fect 


37.94 

66.14 
71.30 
82.31 
92.42 
101.02 
108.88 


Capacity 
up  to  con- 
tours, square- 
mile-feet 


Capadly 

up  to 
oontottr. 
acre-feet 


11.60 

7,800 

49.64 

81,700 

106.68 

67|i600 

176.96 

118,800 

289.29 

165,900 

851.71 

225/100 

468.78 

800,000 

661.01 

860,000 
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TABLE    No.   7. 
Storage  Capacity  of  Tulare  Lake  at  Different  Depths,  April  2,  1916,  to  May  23,  1916. 


Contour 


1 


IflD 

m 

itt 

us 

184 

186 

18S 

ua 

188 

188 

180 


Area  under 

contour, 
square  miles 


85.40 

58.98 

80.42 

94.80 

108.19 

120.06 

129.15 

189.06 

146.23 

168.81 

168.98 


Volume 
between  oon- 


Capadty 
up  to  coii- 


toure.  square-  '  tours,  square- 


mile- feet 


47.19 
69.70 
87.61 
101.60 
114.12 
124.60 
184.12 
142.66 
149.77 
168.62 


mile- feet 

14.15 
61.84 
181.04 
218.66 
820.15 
484.27 
668.87 
602.99 
886.65 
985.42 
1,144.04 


Cajwdty 

up  to 
contour, 
acre-feet 


9,060 
89,200 
68,800 
140,000 
206,000 
278,000 
867,500 
448,500 
685,000 
681,000 
782,600 


TABLE    No.   8. 
Capacity  of  Tulare  Lake  after  May  23,  1916. 


Contour 


Area  under 

contour, 
square  miles 


180 

181 

182 

183 


185  r i_ii_~ri.-irii iiziii ..sz. 


187  ._^.. 


189 

190 

191  .... 


Volume 
between  con- 
tours. Hquare- 
mlle-feet 


i 


85.40 

66.98 

80.77 

96.74 

109.69 

122.06 

181.65 

142.04 

149.60 

156.92 

167.68 

178.97 


47.19 
69.88 
88.26 
102.72 
115.88 
126  J6 
186.84 
145.82 
168.26 
162.28 
170.80 


Capacity 

up  to  con- 

toura.  square- 

mile-feet 


14.16 

61.81 

131.22 

219.48 

822.20 

488.06 

564.94 

701.78 

847.60 

1,000.86 

1,168.14 

1,888.94 


Capacity 

up  to 
contour, 
acie-feet 


9/)G0 
39,800 
84,000 
140,400 
206,100 
280,200 
861,000 
448>600 
642,000 
640,600 
744,600 
864,000 


In  addition  to  the  gages  maintained  by  the  State  Department  of  Engineering 
the  United  States  Geological  Survey  in  cooperation  with  the  department  maintained 
its  regular  gage  located  on  the  north  line  of  section  17,  T.  21  S.,  R.  19  E. 

The  driving  effect  of  the  wind  on  broad,  shallow  bodies  of  water  is  very  marked, 
and  after  a  hard  blow  the  water  may  be  several  inches  higher  on  the  lee  side  than 
on  the  windward  side  of  the  lake,  hence  the  agreement  between  the  two  sots  of 
readings  taken  on  opposite  sides  of  the  lake  is  considered  very  satisfactory. 

By  reference  to  these  tables  the  capacity  and  flooded  area  of  the  lake  is  readily 
ascertained  and  is  also  shown  graphically  on  the  accompanying  hydrograph. 

It  will  be  seen  from  the  hydrograph  that  the  maximum  amount  of  water  in  the 
lake  proper  for  the  flood  conditions  of  IDlfi  was  approximately  800,000  acre-feet. 

Stream  Plows. 

From  the  record  kept  by  the  United  States  Geological  Survey  in  cooperation  with 
the  Department  of  Engineering,  tables  of  the  daily  discharges  of  the  main  tributary 
streams  at  the  base  of  the  foothills  have  been  compile<l.  These  discharges  are  shown 
on  the  accompanying  hydrographs  of  Kings,  Kaweah,  Tule  and  Kcm  rivers.  The 
Tule  River  shows  the  combined  discharges  of  North  and  South  Fork  as  measured 
at  a  point  about  nine  miles  east  of  Portervillo.  The  Kom  River  record  was  fur- 
nished by  the  Kern  County  Land  Company. 
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In  order  to  measure  the  amount  of  water  entering  Tulare  Lake  from  each  of 
the  above  streams  gaging  stations  were  established  near  the  lake  maigin. 

On  Kings  River  a  station  was  established  in  1914  at  the  Empire  No.  2  Weir 
near  Stratford.  The  station  was  rated  and  gage  records  kept  for  parts  of  "^the 
years  1914  and  1915.     Careful  gage  records  were  kept  for  the  entire  flow  of  1916. 

Kaweah  River  water  reaches  Tulare  Lake  through  the  various  channels  of  Cross 
Creek.  On  the  map  accompanying  this  report  these  channels  are  noted  as  East 
Middle,  and  West  channels  of  Cross  Creek.  Gaging  stations  were  established  on 
each  of  these  channels,  but  the  station  records  were  not  good  and  later  in  the  season 
they  were  all  affected  by  backwater  from  the  lake.  The  contribution  of  Cross  Creek 
(or  Kaweah  River)  water  to  the  lake  has  been  estimated  by  comparing  discharge 
measurements  made  on  certain  days  with  the  discharge  of  the  main  river  at  Three 
Rivers  for  the  previous  day  and  applying  the  same  proportion  to  the  average  flow 
of  the  main  river  for  a  considerable  period  to  determine  the  amount  contributed 
to  the  lake  for  the  same  period. 

The  Tule  River  station  was  located  at  the  county  road  bridge  on  the  east  line 
of  section  12,  T.  22  S.,  R.  22  E.  Good  gage  readings  were  taken  at  this  station 
from  April  1st  to  the  end  of  the  season.  For  January,  February  and  March  before 
the  gage  readings  commenced  the  flow  into  Tulare  Lake  was  estimated  in  a  manner 
similar  to  that  used  for  Kaweah  River. 

The  station  on  Buena  Vista  Slough  at  Hart  Station,  NWi  section  6,  T.  27  S., 
R.  22  E.,  was  established  to  measure  the  contribution  of  Kern  River  waters  tu 
Tulare  Lake.  The  record  of  this  station  is  very  good.  The  gage  was  read  daily 
from  March  23  to  July  29,  when  the  water  fell  below  the  zero.  Flow  at  this  station 
stopped  on  August  5th.  Several  discharge  measurements  were  made  at  this  station 
and  a  good  rating  curve  determined.  The  flow  past  Hart  Station  is  estimated  for 
the  months  of  January,  February  and  part  of  March.  The  estimated  and  measured 
quantities  contributed  by  each  of  the  main  streams  is  shown  on  the  hydrograph  of 
that  stream. 

The  following  table  shows  the  flow  of  water  reaching  Tulare  Lake,  expressed  in 
aere-feet.  for  each  month : 

TABLE    No.   9. 
Monthly  Flow  of  Water  Reaching  Tulare  Lake  in  1916,  In  Acre-Feet. 


Montb 


Kings 


Kaweah 


Tule 


Kern 


TotalN 


January   

February  

March 

April 

May    

June  

July  .._ _.. 

August    


Totals 


28,100 
U,400 
26,800 
19,300 
46,700 
53,800 
5,050 


H5,800 
•29,000 
*50,SOO 
•27,600 
•26,000 
•22,800 
•10,500 


186,150 


212,500 


•38,900 

•34,500 

•68,100 

4,800 

8,000 

270 


•72,000 
160,000 
219,109 
284,400 
162,100 
89300 
2,480 


134,080 


929380 


1(^300 
146.900 
280.700 
270,860 
810,100 
288,970 

1063a> 
2,480 


1,462,560 


•Figures  estimated. 


The  totals  in  the  above  table  greatly  exceed  the  amount  of  water  in  the  lako 
according  to  the  foregoing  tables  of  capacities  estimated  from  the  contour  maps. 

The  discrepancy  may  be  accounted  for  in  part  in  several  ways.  The  contours 
of  the  map  as  stated  elsewhere  were  platted  partly  from  private  surveys  which  have 
not  been  verified,  and  partly  from  the  published  maps  of  the  former  State  Engineer- 
ing Department.  The  latter  showed  only  general  and  not  detailed  features  of 
topography.  It  is  highly  probable  that  when  an  accurate  contour  survey  of  tho 
lake  bottom  shall  be  made  much  of  the  discrepancy  will  be  eliminated. 

Some  of  the  gage  readings  were  affected  by  backwater  from  the  lake,  and  that 
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inflaence  might  have  been  operating  for  a  longer  time  than  allowed  for  in  the 
estimates. 

Also,  in  the  table  of  stream  flow  no  allowance  is  made  for  evaporation,  which 
would  amount  to  a  large  factor  in  the  final  estimates. 

Furthermore,  outside  of  the  flooded  area  of  the  lake  bottom,  particularly  at  the 
south  and  east  of  the  lake,  was  an  additional  flooded  area  which  had  intercepted 
a  portion  of  the  metered  water  before  it  could  reach  the  lake.  The  area  thus 
covered  aihounted  to  about  148  square  miles  and  although  most  of  the  water  tem- 
porarily impounded  by  it  reached  the  lake,  in  any  attempt  to  account  for  losses, 
that  flooded  area  as  well  as  the  lake's  surface  proper  must  be  regarded  as  evapora- 
tion   areas. 

Seepage  into  the  soils  beneath  the  water  would  also  absorb  a  considerable  portion, 
but  there  is  no  known  way  to  arrive  at  the  quantity  it  represents,  but  an  approxi- 
Diation  may  be  obtained  of  the  probable  evaporation  losses. 

In  the  following  determinations  the  evaporation  area  of  the  lake  at  its  maximum 
area  for  each  given  month  is  used  both  on  rising  and  falling  stage.  This  makes 
allowance  for  the  extra  evaporation  from  wetted  surfaces  after  recession  of  the 
waters  and  for  the  evaporation  due  to  the  winds  driving  the  water  out  on  the  dry 
ground. 

E>vaporation  rates  in  the  Tulare  Lake  region  are  high.  Mr.  Chas.  H.  Lee  in 
••The  Possibility  of  Permanent  Reclamation  of  Tulare  Lake  Basin,  California," 
Engineering  News,  January  10,  1007,  uses  evaporation  factors  based  on  the  experi- 
ments of  the  State  Engineering  Department  at  Kingsburg.  1880-1884.  Mr.  Lee 
uses  factors  for  Tulare  Lake  which  are  the  means  of  evaporation  from  a  pan 
floating  in  the  river  and  a  pan  on  the  bank.     His  factors  arc  as  follows : 


TABLE    No.    10. 
Evaporation  from  Tulare  Lake. 


M»U.  :tE?8??,;i  Month  'JSTESk 


NoTember 

.102 

January   .074 

Vebmary   .006 

March '  J14 

Apxfl    .260 

May .416 


0.175  I  June j  0.680 

July .766 

August  .791 

September   .678 

October  .814 


Total    !  4.404 


The  following  table  exhibits  the  inflow  to  Tulare  Lake  by  months,  the  estimated 
losses  from  evaporation  both  in  the  lake  proper  and  waters  held  outside  and  the 
accumulated  remainder  each  month : 
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Owing  to  the  lack  of  definite  data  as  to  contour  locations  south  of  the  sand 
rid^e  on  the  southern  margin  of  the  lake  proper,  it  is  difficult  to  make  any  estimate 
on  the  amount  of  water  stored  in  this  basin.  The  trace  of  the  flood  line  is  shown 
on  the  map.  In  some  places  there  is  an  apparent  crossing  of  the  contours.  The 
flood  line  was  traced  out  with  a  fair  degree  of  accuracy.  Any  discrepancies  shown 
by  the  contours  should  be  assigned  to  improper  location  of  the  contours. 

At  the  end  of  September  the  amount  of  water  unaccounted  for  after  allowing 
for  evaporation  as  set  forth  in  table  above  was  192,460  acre-feet.  There  were  still 
some  pools  scattered  over  the  flooded  area  to  the  south  of  the  lake.  The  soil  in  this 
portion  of  the  basin  is  somewhat  sandy  and  would  absorb  considerable  water. 

On  November  1st  the  ground  as  far  south  as  Hart  Station  and  for  a  width  of 
several  miles  in  the  trough  of  the  basin  was  wet,  soft  and  spongy,  with  here  and 
there  large  mudholes.  Because  of  these  conditions  it  is  not  unreasonable  to  assume 
that  192,000  acre-feet  of  water  was  taken  up  by  the  soil. 

Comparison  of  1906  and  1916  Floods. 
From  the  records  of  discharges  of  the  streams  tributary   to  Tulare  Lake  com- 
parative tables  have  been  compiled  for  the  years  1906  and  1916. 

The  tables  are  for  the  period  January  to  July,  inclusive,  in  each  case : 

TABLE   No.    12. 

Comparison  Table^  Floods  of  1906  and  1916. 
Kings  River — Drainage  Area,  1,740  Square  Miles. 


Month 


Maximum 

daily  cUs- 

cbarge. 


Minimum 
dally  dts- 

charRe. 

see. -ft. 


Mean 
dally  dis- 
charge, 
sec. -ft. 


Run-off 

depth. 

inches  ver 

BQ.  mile 


Run -off, 
acre -foot 


January .. 

February    .. 

Mardi    

April 

May    

Jtma  

Jnly 


26,500  , 

206 

2,880 

1.67 

144,000 

2,150 

792 

1.150 

.09 

63,900 

21,000 

1,220 

6,240 

3.47 

322,000 

7,760 

2,960 

4,720 

3.02 

281,000 

16,800 

3,930 

10,700 

7.09 

658,000 

26,600 

8,320 

17,100 

11.00 

1,020,000 

22,400 

8,180 

16,300 

10.80 

1.000,000 

Total  for  period. 


Total  for  year,  October  1»  1905,  to 
September  80,  1906 


January  

Febniary   

Mareh   

April    

May   

Jane 

July    


•28,480 

3-30 

4,530 

5,710 

2,340 

2,780 

8,400 

2,840 

4,400 

12,820 

3,970 

7,ri80 

16,580 

6,340 

10,860 

16,340 

7,650 

12,200 

8,150 

1,945 

5,310 

Total  for  period • - 

eent  of  dlflcharse  for  same  period,  1016,  82.r>%  of  1906. 


8.488,900 


8,856,700 


3.01 ; 

279.000 

1.73 

160,000 

2.93  1 

271,000 

4.87 

4r>l,0(X) 

7.2*2 

068.0(M» 

7.83 

72o,0<»0 

3.54  I 

328,000 

2,882,000 


Kaweah  River — Drainage  Area,  520  Square  Miles. 


January  

Fdmiary   


April .. 

May   

June  

July   


Total  for  period.. 


Total  for  year,  October  1,  1906,  to 
September  30,  1006 ^ 


6,760 
SIO 
8,160 
2.7?0 
6.84<> 
6,240 
5,280 


75 

274 

472 

1,160 

i,m 

2,<>70 
1,340 


•Orert46»00a 
27335 


784 
418 
2,140 
1,010 
3.210 
4,670 
3,430 


1.71 
.84 
5.41 
4.10 
7.11 
10.02 
7.61 


48,200 
23,200 
150,000 
114,000 
197,0(K) 
278,000 
211,000 


1,021,000 


1,090,000 
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TABLE   No.   12— Continued. 
Kaweah  River — Drainage  Area,  520  Square  Mllei 


-Continued. 


Month 


Maximum  '  Minimum 

dally  (ilfl-  '  dally  dla- 

change,  |     charge. 

sec. -ft.  sec. -ft. 


1916— 
January 
February 
March    .. 

April 

May    .— 

June   

July    .... 


9,640 
1,800 
2,9«) 
2,980 
3,440 
2,980 
1,365 


130 
8923 
1,070 
1,580 
1,470 
1,365 
490 


Total  for  period. 


Mean 

dally  dl8- 

charge. 

sec. -ft. 


1,576 
1,066 
1,770 
2,130 
2,360 
2,170 
1,010 


Rua-off 

depth.  Run-oir. 

iDChes  ->er    ,    acre-feet 
sq.  mile 


3.50 

96.800 

2.20 

62,500 

3.62 

108,700 

4.57 

126,500 

5.25 

14.1.300 

4.66 

lae.ioo 

2.17 

60,100 

781,000 


Per  cent  discharge  for  same  periods,  1916,  71.5%  of  1906. 

Tule  Rlver-~-Dralnaoe  Area,  266  Square  Miles. 


1906- 
January 
February 
Mardi    .. 
April  .... 
May    _— 

June 

July    -..- 


3,500 

420 

4,530 

1,370 

2,780 

1,230 

730 


98 

500 

132 

200 

210 

1,370 

540 

772 

630 

1,080 

680 

972 

IjO 

362 

2.17 

30,700 

.78 

11,100 

5.94 

84,200 

3.34 

45.900 

4.68 

66,400 

4.08 

57300 

1.57 

22.300 

Total  for  period. 


318,400 


Total  for  year,  October  1,  1905,  to 

September  30,  1906 

1916— 

January   

February    

March - 

April    — - 

May    - 

June  

July    - 


835.000 


4,960 
1,380 
1,660 
765 
71.1 
370 
173 


53 
400 
505 
jai 
'MO 
193 

.13 


964 
548 
806 
Oil 
508 
298 
104 


4.18 

593,000 

2.22 

31,500 

3.50 

49,600 

2.55 

36,400 

2.20 

si,aoo 

1.26 

17,800 

.45 

6,400 

Total  for  perioil 

Period  percentage,  1916,  73%  of  m»6. 


232,200 


Kern   River — Drainage  Area,  2,345  Square  Miles. 


1906— 
January   . 
February 

March 

April    .... 

5Iay    

June    

July    


2,554 

785 
5,:27 
4,25.1 

7,s:^2 

9..KK1 
8,431 


230 

.106 

7.1.1 

1.5/70 

2,7ne 

.l.-'JOT) 
3,92j 


693 
620 

2.063 
2,910 
6,8.19 
7,7«n 
6,.Ke 


.84 

42,600 

.28 

34,80o 

1.01 

127,000 

1.38 

173,000 

2.88 

360.000 

3.67 

458,000 

3.19  . 

400,0<X> 

Total  for  period. - | 1,596,400 


Total  for  year,  October  1,  1905,  to 

September  30,  UHjG 

1916— 

January   

February   - - 

March    ._ 

April    

May    .. — - 

June    — 

July    - 


1,&10,000 


17,fKK» 
5,132 

11.S30 
O.GIO 
IMl.l 
S,13<» 


27.*? 
2.G<12 
S.7]<) 
7.1  ►lo 
.1,^0.) 
i,?il 
1,4-10 


2,803 
.1.ri21 
(5,119 


1.88  ' 

172,280 

1,62 

202.470 

3.00 

378,023 

3.85 

481.641 

3.79 

472,886 

3.13 

39i.etrr 

1.80 

221,Ur2 

Total  for  iM-riod. 


Total  ft»r  year,  October  1,  191.1,  to 
September  30,  1916 


2,324,018 


2.463,100 


Period  percentage,  1910.  140%  of  19(i6. 
Year  percentage,  1916,  131%  of  1906. 


±    _J 


-  — l_Zj 
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TABLE    No.    12— Continued. 
Kaweah  River — Drainage  Area,  520  Square  Miies — Continued. 


Month 


Maximum       Minimum 
daily  difl 


charge, 
sec. -ft. 


Mean 


Run-off     ! 
dally  dls-    '  dally  dls-  depth.  Run-off. 

charge.       j     charge,  inches  ->9t        acra-feet 

aec-ft.       I     sec. -ft.  sq.  mile 


1916— 
Janu 
Pebn. 
Marc 

Aprll*"^'  -! 
May  ^ 

June  "-  '-'  ' 
July  .  v»     *  ^•.^ 


m 


I   .  1 


I    t 


I 

I  V 


Tot^ 
Per 


T..V 


Janu  I 

Fcbn 

Mard 

April 

May 

June 

July 

Tot  : 


i» 


/ 


f       ♦••      tt**-j"      t      -' 


k%  ty 


I 

-  /  -  -  - 


/ 


/ 


*      I      •» 


-     r 


kiwi^arc 


•*         .» 


Tot 

•■* 

S« 

, 

1»16-       .    -, 

1 

Janu£ 

Pebnr-    — 

*  _    - 

Marct^^^"^ 

April 

May 

' 

June 

■ 

July 

Tot       * 

Perlc 

k 

1906— 

Janufl 

» 

Fc'brii 

. 

Marcb 

April 

May 

June 

* 

July 

-    * 

'/■ 


Tot* 

Tot  I 
Se 
1916— 
Janua 
Februj 
March 
April 
May 
June 

.T.T»-      - 


.1 


.  •••  it, 


•  ••^  ^^B^.r-J 


■\        i     ti^ 


October  1,  191'),  to 
1916 


2.468,100 


e,  1910,  146%  of  19()6. 
1916,  13-1%  of  1906. 
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From  the  above  comparisons  it  is  shown  that  Kern  River  was  largely  responsible 
for  the  extended  flooding  of  Tulare  Lake  in  1916.  Its  discharge  for  the  period 
during  which  it  contributed  water  to  the  lake  was  140  i)er  ct*nt  of  the  same  period 
of  1906.  which  was  the  largest  amount  recorded  theretofore.  'I'he  discharge  for 
the  year  October  1.  11)15,  to  September  30,  1916.  wns  I'M  per  cent  of  the  corre- 
sponding dates  of  lJK)5-6. 

In  comparing  the  total  discharge  of  Tule  River  for  IDOTi-O  with  that  of  1015-16 
the  totals  for  the  first  period  are  for  the  North  Fork  of  Tule  River  only,  the  station 
on  South  Fork  not  having  been  established  until  3911.  The  South  Fork  in  1916 
contributed  about  82  per  cent  as  much  as  the  flow  of  North  Fork  for  the  same 
period,  and  that  ratio  has  been  used  in  interjwlnting  the  figures  for  the  entire 
stream  flow,  and  the  hydrograph  shows  the  combined  daily  discharges  of  these 
i^treams.  The  large  discharges  of  Tule  River  recorded  as  reaching  the  lake  in  Janu- 
ary, February  and  March  are  due  in  some  mejisure  to  additions  received  from 
Kakeah  River  through  Elk  Bayou,  which  flows  into  Tule  River  east  of  the  gaging 
station. 

In  all  the  above  computations  of  flow  for  191(>.  excepting  those  for  Kern  River, 
which  were  furnished  by  the  Kern  County  Land  Company,  the  discharges  were 
determined  from  gage  heights  and  the  latest  rating  tables  of  the  United  States 
(jreological  Survey.  In  most  cases  the.se  tables  were  for  1915,  hence  the  figures 
given  are  preliminary  and  are  subject  to  changes,  whi(?h  probably  will  be  very  small, 
when  "the  final  records  for  1916  are  published. 

In  19(M>  Kings  River  was  re8ponsil>le  for  the  extended  flooding  of  the  lake.  In 
1916  the  total  amount  contributed  by  this  stream  was  loss  than  any  of  the  others 
excepting  the  Tule  River.  This  is  accounted  for  by  the  increased  diversions  and 
the  changing  of  the  course  of  the  river  as  detailed  under  the  description  of  streams 
entering  the  lake. 
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CONSERVATION  OF  NATURAL  RESOURCES. 

In  considering  the  subjeet  of  eontrollini;  and  e()n>?ervin:r  the  eiior- 
moas  forces  under  discussion  one  is  confronted  with  the  ^reat  costs 
nee€«.sarv'  to  erect  works  to  convert  thcin  into  resources.  In  this  con- 
nection  it  has  been  sugp^ested  that  c(*rtain  natural  resources  reserved 
by  the  national  government  nii^lit  well  be  dcvot(Ml  to  this  end. 

It  so  happens  that  nearly  all  of  tlie  streams  whose*  wat(»rs  pn^sc^nt 
such  complex  problems  of  flood  control,  reclamation,  navi<_ration  and 
irrigation,  have  their  sources  in  the  canyons  of  th(^  hiLdi  mountains.  It 
also  happens  that  most  of  the  territory  drained  by  these  streams  and 
from  which  their  waters  ccmie.  is  covered  with  grcjit  forests  of  timlx^r, 
nmch  of  which  is  in  Nati(ma>  Forc^st  K(»serves,  IxMuir  withheld  from 
sale  or  disposal  by  the  irovernment. 

Some  stati.stician  has  estimater]  that  the  forests  in  th<'S(»  reservc^s  in 
f'alifornia  contain  more  than  one  hundred  billicm  f(M't  of  standinir 
timber  of  merchantable  quality.  It  is  also  <'stimated  that  the  value  of 
this  timber  on  a  stnmpaire  basis  is  two  dollars  for  every  thousand  fcM't. 
M  that  rate  the  forests  of  California  situated  about  tin*  headwateis  of 
her  turbulent  .streams,  and  reserv(»d  from  ex])loitation  contain  a  revenue 
value  which  would  iro  a  lon<r  way  toward  assistinir  in  the  construction 
'>f  reservoirs  and  other  controlling  works  to  dii'cet  the  destructive  forces 
<'f  the  floods  to  useful  purposes. 

In  this  coniiection  it  seems  pertinent  to  suu%'(»st  tliat  now  is  a  |)roi)er 
tunc  for  the  State  to  (^ndeavor  to  eidist  the  cooperation  of  the  irovern- 
inoTjt  to  the  end  that  the  revenues  from  tlie  National  Forest  T{eserv(*s 
•H.*  devoted  to  the  ccmstruction  of  the  works  mentioned. 
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The  use  of  large  sums  thus  ohtained  which  it  would  seem  might  right- 
fully be  expended  in  the  re«:ion  from  which  the  revenues  are  drawn 
would  enable  the  State  to  expend  its  own  funds  upon  projects  outside 
the  forest  reserves,  the  development  of  which  demand  all  the  financial 
assistance  the  State  has  to  offer — and  more. 

The  consideration  of  the  foregoing  is  commended  to  the  people  of  the 
State  represented  in  the  Legislature. 

DEBRIS  CONTROL. 

In  1893  the  congress  passed  an  act  known  as  the  *'Caminetti  Act," 
authorizing  hydraulic  mining  on  the  tributaries  of  the  Sacramento  and 
San  Joaquin  rivers,  under  prescribed  restrictions  and  created  the 
California  Debris  Commission  to  enforce  those  regulations. 

The  commission,  composed  of  three  officers  of  the  Engineer  Corps  of 
the  LTnited  States  Army  in  addition  to  its  duties  of  regulating  hydraulic 
mining  was  enjoined  to  mature  and  adopt  plans  to  improve  the  navi- 
gability of  the  above-named  river  systems,  to  protect  same  from  damage 
due  to  mining  debris,  and  to  afford  relief  thereto  in  flood  time. 

In  pursuance  of  its  diity  first  mentioned,  the  commission  grants 
license  to  operate  mines  by  the  hydraulic  process  whenever  the  operator 
has  provided  means  for  preventing  the  debris  from  the  mine  reaching 
the  navigable  streams.  Such  prevention  is  usually  accomplished  by 
dams  creating  reservoirs  in  which  the  debris  can  be  impounded.  Such 
measures  are  frequently  so  expensive  that  not  many  mines  are  being 
operated  under  the  licenses  issued.  Since  the  commission  was  created 
and  prior  to  July  81.  1916,  it  had  received  897  petitions  for  authority 
to  operate,  but  not  all  wore  grant(»d.  During  1915  only  five  applica- 
tions were  made  and  one  license  to  operate  granted. 

In  complying  with  the  duty  imposed  upon  the  commission  to  devise 
means  of  preventing  injury  to  the  navigable  streams  from  debris  the 
commission  fornuilated  plans  for  the  control  of  debris  in  the  Yuba 
River.  Congress  in  1896  and  1902  appropriated  $400,000,  and  the  state 
a  like  amount  with  which  the  commission  has  constructed  training  and 
controlling  works  on  the  Yuba  Kiver  above  Marysville.  These  works, 
which  have  been  fully  described  in  i)revious  reports,  are  showing  their 
utility  by  a  marked  decrease  in  the  quantity  of  debris  being  carried 
by  that  stream  into  the  Feather  River. 

The  problems  of  navi^raticm  and  fiood  control,  the  solution  of  which 
was  confined  to  the  Debris  Commission,  was  made  the  subject  of  exten- 
sive research  and  study  and  resulted  in  1910  in  the  presentation  of  a 
most  comprehensive*  plan  for  the  a(*coni|)lishment  not  only  of  improved 
navigal)le  conditions  but  the  complete  control  of  iloods  and  permanent 
reclamation  of  the  inundated  lands  of  the  Sacramento  Valley,  under 
the  joint  (»fTort  of  the  government  and  the  state. 

The  plan  presiMited  is  now  being  execnted  by  the  State  Reclamation 
Board  and  Department  of  Ivn*:ine(»ring  in  cooperation  with  the  United 
States  as  more  fullv  discussed  herein  under  the  title  of  **  Sacramento 

■ 

River  Problems." 
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The  details  of  the  operations  conducted  by  the  Debris  Commission 
for  the  year  ending  June  30,  1915,  appear  in  the  report  of  the  com- 
mission herein  quoted  in  full. 

EXTRACT    FROM    THE    ANNUAL    REPORT    OF    THE    CHIEF    OF    ENGINEERS 

TO  THE  SECRETARY  OF   WAR. 

WAR  DEPABTMENT, 
OFFICE   OF    THE    CHIEF   OF   ENGINEEBS, 

Washingtoo,  September  28,  1915. 

CALIFORNIA    DEBRIS    COMMISSION. 

Jurisdiction  and  duties  extend  over  the  drainage  area  of  the  Sacramento  and 
San  Joaquin  rivers,  comprising  the  great  central  valley  of  California  and  extending 
from  the  crest  of  the  Sierra  Nevada  Mountains  on  the  east  to  that  of  the  Coast 
Range  on  the  west;  from  Mount  Shasta  on  the  north  to  the  Tehachapi  on  the 
aoath.  These  rivers  empty  into  the  head  of  Suisun  Bay,  ultimately  discharging 
through  the  connecting  bays  and  straits  to  the  Pacific  Ocean  through  the  Golden  Gate. 

PRELIMINARY   GENERAL   STATEMENT. 

Act  of  Congress  approved  March  1,  1893  (27  Stat.  L.,  p.  507),  created  the 
California  Debris  Copumission,  to  consist  of  three  officers  of  the  Corps  of  Engineers, 
and  prescribes  the  duties  of  the  commission. 

During  the  fiscal  year  the  commission  consisted  of  Lieutenant  Colonel  Thomas 
H.  Rees,  Corps  of  Engineers  (senior  member)  ;  Major  R.  R.  Raymond,  Corps  of 
Engineers;  Major  S.  A.  Cheney,  Corps  of  Engineers  (secretary),  from  July  1  to 
August  7,  1914,  and  from  that  date  Major  L.  H.  Rand,  Corps  of  Engineers  (secre- 
tary), the  secretary  having  immediate  supervision  of  the  work. 

The  duties  imposed  and  powers  conferred  upon  the  commission  are  : 

First.  To  regulate  hydraulic  mining  in  such  a  way  as  to  permit  its  resump- 
t'on  and  continuance  as  far  as  the  same  might  be  practicable  without  so  unduly 
interfering  with  river  conditions  as  to  cause  injury  to  other  interests  in  the  state. 

Second.  To  study  and  report  upon  general  hydraulic  and  hydraulic  mining 
conditions  and  matters  affecting  or  affected  by  them,  for  the  purpose  of  improv- 
ing the  navigability,  deepening  the  channels,  and  protecting  the  banks  of  the 
rivers  and  affording  relief  from  flood  damages.  While  the  commission  was  to 
'*adopt"  plans  as  a  result  of  its  study,  no  provision  of  means  for  permitting  it 
directly  to  carry  them  out  was  made.  Congress  has  from  time  to  time  adopted 
certain  of  the  plans  formulated  by  the  commission,  made  appropriations  there- 
for, and  directed  their  execution,  under  the  direction  of  the  Secretary  of  War 
and  the  supervision  of  the  Chief  of  Engineers.  The  present  duties  of  the  com- 
mission, therefore,  fall  under  two  heads : 

(o)  Those  directly  imposed  upon  it  by  congress  under  two  subheads  above 
given   (pp.  ie(X)-1603). 

(ft)  Those  assigned  to  it  by  the  War  Department  as  a  logical  consequence 
of  its  other  duties.  These  latter  at  present  consist  of :  1.  Treatment  of  the 
Yuba  River  debris  situation  (p.  1(303)  ;  2.  Alleviation  of  debris  conditions 
in  the  Sacramento  and  Feather  rivers,  California  (p.  16(K5). 

These  four  are  separately  covered  under  the  general  arrangement  of  previous 
portions  of  this  report. 

For  the  Commission's   Own   Report   (riving  Additional  Details   of   Uh    Work,   Hee 

Pages  ,Vi5'}  to  .i.jf(i5. 

1.     Regulation  of  Hydraulic   Mining. 
Lfteation.     While   this   is  as  given  al)Ove,   in  practice   the   operations  are   largely 
limited  to  the  territory  on  the  western  watershed  of  the  Sierra  Nevada  Mountains, 
between  Mount  liassen  on  the  north  and  tiie  Yosemite  Valley  on  the  south. 
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Original  Condition,  Following  the  discovery  of  gold  in  California  and  the  develop- 
ment of  the  hydraulic  method  of  working  the  placer  deposits  in  the  mountains  and 
foothills,  vast  quantities  of  the  material  washed  out  of  the  banks,  denominated 
"debris,"  passed  down  into  the  lower  ground,  naturally  depositing  in  the  beds  of  the 
watercourses  and  rivers,  and  at  high-water  times  being  carried  over  the  banks  of  the 
streams  to  the  adjacent  country.  The  results  of  this  filling  of  navigable  channels, 
destroying  of  the  fertility  of  lands,  breaking  of  levees,  etc.,  was  that  mining  by  the 
hydraulic  process  has  been  effectively  stopped  by  judicial  injunction. 

Previous  Project.     None. 

Present  Project.  As  adopted  in  the  organic  act  above  given,  contemplated  tho 
resumption  and  continuance  of  hydraulic  mining  under  the  regulation  of  the  com- 
mission. This  is  effected  by  the  issuance,  on  application  and  after  prescribed 
information  has  been  furnished  and  the  matter  received  full  consideration,  of  permits 
to  operate  by  the  hydraulic  process  those  mines  for  which  satisfactory  debris-restrain- 
ing basins,  formed  by  construction  of  suitable  dams  where  necessary,  have  been 
provided. 

Operations  and  Results  Prior  to  the  Fiscal  Year.  The  commission  had  receiyed 
8d9  applications  for  pennits  to  mine,  and  granted  such  of  them  as  it  was  suitable 
to  do.  Hydraulic  mining  on  a  very  limited  scale  has  been  restored  without  the  addi- 
tion in  any  considerable  amount  of  new  debris  to  that  previously  deposited  in  the 
rivers,  creeks  and  canyons  of  mining  regions.  The  navigable  streams  below  have 
hence  been  able  to  progressively  work  off  their  overload  of  debris.  Navigation  in  the 
upper  reaches  of  the  rivers  and  flood  conditions  have  in  consequence  been  improved. 
Expenditures  for  these  purposes  have  not  been  kept  separate  from  those  for  studios 
and  reports  given  below. 

Operations  and  Results  During  the  Fiscal  Year.  During  the  year  five  applications 
for  permits  to  mine  were  received,  and  one  was  granted.  Four  permits  were  revoked 
because  of  failure  to  comply  with  the  rules  adopted  by  the  commission.  Numerous 
inspections  were  made  of  the  hydraulic  mining  region  and  of  mines  and  their  works 
for  restraining  debris.  The  result  has  been  a  reasonable  maintenance  of  the  favor- 
able conditions  existing.  Expenditures  have  not  been  kept  separate  from  those  for 
studies  and  reports  given  below. 

Condition  at  the  End  of  the  Fiscal  Ye^r.  Ten  hydraulic  mines  are  operating  under 
licenses  and  three  others  have  been  authorized  to  construct  impounding  works.  The 
improved  conditions  of  navigability  which  have  resulted  partly  from  the  general 
cessation  of  hydraulic  mining  have  not  been  impaired  by  such  mining  as  has  been 
done  under  permits. 

Local  Cooperaiion._  An  antidebris  association,  formed  and  supported  by  local 
interests  that  would  be  injured  by  the  restoration  or  increase  of  former  conditions, 
works  along  lines  of  prevention  by  injunction  and  criminal  prosecution  under  state 
laws,  as  do  various  other  local  officials  and  volunteers.  They  report  from  time  to 
time  indications  of  violations  of  the  laws,  and  in  turn  seek  and  are  furnished  informa- 
tion from  this  office  on  the  subject. 

Effect  of  Improvement.     Can  be  expressed  only  in  the  general  terms  given  above. 

Proposed  Operalions.  Consideration  will  be  given  applications  for  permits  for 
hydraulic  mining  and  regulation  of  those  operating  under  permits,  with  necessary 
inspections,  preparations  and  approval  of  plans,  etc.,  as  during  preceding  years. 

Commercial  Statiatirs.  The  commercial  statistics  for  Sacramento,  Feather, 
Mokelumuc  and  San  Joaquin  rivers,  as  sfparatcly  reported  upon  elsewhere,  are  in  a 
degree  dependent  upon  this  work.  No  others  relating  thereto  are  or  can  be  at 
reasonable  expense  compiled. 

2.     Studies  and   Reports   Upon   General   Hydraulic  and   Hydraulic   Mining   Conditions 

and  Matter  Affecting  or  Affected  by  Them. 

Present  Project.  This  consists  of  progrossivoly  examining,  surveying,  studying 
conditions,  mnturlnjr  plans  and  reporting  upon  same,  for  improving  those  conditions 
upon  the  Sncramouto  and  San  .Joaquin  riv^^rs  and  thoir  several  tributaries  affected 
by  hydraulic  mining  operations. 

Opcfations  and  R( suits  Prior  to   the  Fiscal  Year.     Surveys  had  been  made   of 
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those  portions  of  the  Feather,  Yuba,  Bear  and  American  rivers  in  which  there  are 
grreat  deposits  of  mining  debris.  Incidental  to  studies  relative  to  the  relief  from 
injuries  to  navigability  and  from  floods,  survej'S  have  also  been  made  of  portions 
of  the  Sacramento,  Mokehimnc  and  San  Joaquin  rivers  and  of  the  interconnecting 
sloughs  in  the  delta  of  these  three  streams.  Plans  have  been  prepared  and  adopted 
for  restraining  the  debris  movement  in  Yuba  River  (see  No.  3  hereunder)  and  for 
alleviating  debris  conditions  from  the  Sacramento  and  Feather  rivera  (see  No.  -4 
hereunder).  A  report  upon  a  comprehensive  flood-control  scheme  for  the  Sacramento 
River  and  tributaries  has  been  submitted.  (See  H.  Document  No.  81,  62d  Congress, 
First  Session.) 

Expenditures  from  appropriations  for  "Expenses  of  California  Debris  Commission,'* 
including  those  under  No.  1  and  No.  2,  which  can  not  be  separated,  aggregate  (to 
June  30,  1914)  $234,089.46* 

Operations  and  Results  During  the  -Fiscal  Year,  Survey  of  the  .lower  Mokelumne 
River  and  of  the  several  sloughs  connecting  it  to  the  Sacramento  and  San  Joaquin 
rivers  has  been  continued.  Examination  and  surveys  of  critical  points  on  Sacra- 
mento and  San  Joaquin  rivers,  for  use  in  maturing  plans  for  improving  navigability 
and  for  relief  from  floods,  have  been  made.  There  were  expended  from  appropria- 
tions for  **Expense8  for  California  Debris  Commission,"  including  those  under  both 
No.  1  and  No.  2,  $14,947.42. 

Local  Cooperation.  No  cooperative  conditions  were  imposed  by  congressional  act. 
The  state  reclamation  board  act  adopted,  with  such  modifications  as  might  be  found 
necessary,  the  plan  reported  upon  by  "the  California  Debris  Commission  for  flood 
control  on  the  Sacramento  River.  The  commission  cooperates  with  the  state  ri'cla- 
mation  board  to  the  extent  of  reviewing  all  of  those  plans  submitted  to  the  board, 
which  arc  referred  to  the  commission. 

Effect  of  Improvement.     Is  as  given  in  the  general  terms  expressed  above. 

Proposed  Operations.  Further  studies,  examinations  and  surveys  will  be  made 
along  same  lines  as  during  previous  years. 

Commercial  Statistics.  The  commercial  statistics  for  Sacramento,  Feather, 
Mokelumne  and  San  Joaquin  rivers,  as  separately  reported  upon  elsewhere,  are  in  a 
degree  dependent  upon  this  work.  No  others  relating  thereto  are  or  can  be  at 
reasonable  expense  compiled. 

FINANCIAL  SUMMARY. 

Amount  expended  on  all  projects  to  June  30,  1015 : 

New  work   '$240,O3G  SS 

Maintenance    —    _   

Amount  expended  during  fiscal  years  ending  June  30  : 

1913                   1914  1915 

New  work   $9,200  95         ^$14,193  93  $14,J)47  42 

Maintenance    

APPROPRIATIONS. 

(For  last  five  fiscjil  years  only.) 

March  4,  1911 J|;15,(K)0  00 

August  24,   1912  15,000  0<^ 

June  23,  1913 15.(KK)  00 

August  1,  1914   15.(MK)  m 

March  3,  1915 l.\000  00 

July  1,  1914,  balance  unexpended .   •.$9,721  20 


'Approximate;  records  of  oflloe  prior  to  1006  destroyed  by  fire. 
*ApproxlnuLte  only;  records  of  district  otfloe  prior  to  IWS  destroyed  by  fire. 
"A  reduction  of  80  cents  from  figures  reported  in  1914  report,  due  to  refund  from 
overpayment  made  In  that  fiscal  year. 

*Thls  Increased  80  cents  due  to  refund  of  overpayment. 
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Amouut  ai)i)roi)riatt'cl  by  sundry  civil  act  approved  August  1,  1914 $15,000  00 

Amount  appropriated  by  sundiy  civil  act  approved  March  3,  1915 15,000  0^> 


$39,721  20 
Deduction  on  account  of  reversion  to  United  States  Treasury: 

June   30,   1914 $3,187  06 

June  30,  1915 5,728  07      8,915  13 

$30,800  07 
June  30,  1915,  amount  expended  during  fiscal  year  for  works  of  improve- 
ment   *$14,947  42 

July  1,  1915,  balance  unexpended $15,858  65 

July  1,  1915,  outstanding  liabilities 274  88 

July  1,  1915,  balance  available $15,583  77 

Amount  (estimated)  required  for  expenses  of  California  Debris  Commis- 
sion during  fiscal  year  ending  June  30,  1917 $15,000  00 

3.    Treatment  of  the  Yuba   River   Debris  Situation — Restraining   Barriers. 

Location.  The  works  of  this  project  are  located  on  the  Yuba  River,  California, 
between  Marysville  and  the  place  where  the  Yuba  River  emerges  from  the  foothills 
near  Ilammonton,  some  ten  miles  easterly  from  Marysville,  and  about  nine  miles 
below  the  Narrows. 

Original  Condition.  Before  this  improvement  was  begun  the  mining  debris  that 
was  being  carried  down  by  this  stream  from  the  old  hydraulic  mine  workings  in  the 
Sierra  Nevadas  was  allowed  to  pass  on  into  the  navigable  channels  of  the  Feather 
and  Sacramento  rivers.  This  had  resulted  in  the  navigable  channels  of  these 
streams  being  seriously  impaired,  and  navigation  on  them  was  threatened  with 
cessation. 

Previous  Projects.     None. 

Present  Project.  The  present  project,  in  a  rather  indefinite  form,  was  adopted 
by  the  river  and  harbor  act  of  June  11,  1890,  and  in  its  more  determinate  form, 
was  adopted  by  the  river  and  harbor  act  of  June  13,  1902,  in  accordance  with  report 
(II.  Document  No.  431,  50th  Congress,  First  Session).  This  report  contem- 
plated, primarily,  the  storage  of  mining  debris  within  the  bed  of  the  Yuba  River 
by  a  system  of  works  designed  to  separate  the  coarse  material  from  the  fine ;  and, 
secondarily,  the  restriction  of  the  low  water  channel  below  these  works  to  narrow, 
well-defined  limits,  in  order  to  preserve  in  place  the  extensive  mining  debris  deposits 
already  in  the  river.  The  objects  sought  were  to  be  accomplished  by  (1)  the  con- 
struction of  four  restraining  barriers  in  the  bed  of  the  river  to  hold  back  the  coarser 
materials,  and  a  settling  basin  nearby  to  catch  the  finer  material  carried  in  suspen- 
sion, and  (2)  by  the  construction  below  the  barriers  of  training  walls  to  confine  the 
river  to  well-defined  lines.  Tlie  barriers  were  to  be  built  by  steps,  successive  steps 
to  be  built  when  the  storage  basin,  formed  by  the  preceding  step,  had  filled  with 
debris.  The  object  of  storing  this  debris  in  the  Yuba  River — a  nonnavigable  stream 
— was  to  keep  it  from  passing  on  into  the  navigable  channels  of  the  Sacramento  and 
Feather  rivers,  to  the  detriment  of  the  navigation  therein.  The  estimated  cost  of 
the  project  was  $SO0,00O,  one-half  of  which  was  to  be  borne  by  the  slate  of 
California. 

By  the  river  and  harbor  act  of  June  25,  1910,  the  settling  basin  was  eliminated 
from  the  project  and  the  sale  of  the  land  acquired  for  its  purpose  authorized. 

Operations  and  Results  Prior  to  the  Fiscal  Year.  The  barriers  to  be  built  were 
numbered,  going  downstream,   respectively,  2,  1,  3,  and  4,  being  serially  numbered 


^Includes  $571.16  available  only  for  outstanding  liabilities  of  previous  fiscal  year; 
none  such  known. 
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in  the  order  that  it  was  at  first  planned  they  should  be  built.  The  first  step  of 
barrier  No.  2  was  built  and  some  material  was  placed  in  barrier  No.  1,  when  both 
were  carried  away  by  floods  of  November,  1908.  Barrier  No.  2  was  then  abandoned. 
The  plans  were  revised  to  give  a  more  stable  design,  and  two  steps  of  barrier  No.  1, 
with  side  wall  to  separate  the  spillway  from  the  main  dam,  and  part  of  spillway 
were  constructed,  but  this  barrier  was  destroyed  by  flood  in  March,  1007.  Then 
barrier  No.  1  was  abandoned.  By  this  time  the  recently  developed  gold-dredging 
operation  procedure  had  advanced  to  such  a  stage  that  it  was  practicable  in  this 
locality  to  take  advantage  of  the  work  the  di*edges  were  doing.  The  dredges  in 
working  over  ground  separate  the  fine  material  from  the  coarse  rocks.  This,  of 
course.  Increases  the  volume  and  raises  the  height  of  the  workcd-over  ground  from 
15  to  20  feet  above  its  original  level.  The  finer  material  is  deposited  below  the 
original  ground  surface,  while  cobbles  and  coarse  gravel  are  left  above  the  natural 
surface  to  withstand  the  action  of  the  water.  In  this  way  a  training  wall  or  levee 
of  cobbles  and  coarse  gravel,  which  obviates  the  need  of  the  two  lower  barriers 
proposed,  was  built.  The  cut  through  Daguerre  Point  (a  low  promontory  extending 
from  the  north  bank  well  out  into  the  stream,  a  cut  through  which  was  proposed  in 
conjunction  with  the  lowest  restraining  barrier)  was  made  and  the  inlet  wall,  or 
spillway,  in  the  same  constructed.  This  cut  was  necessary  to  obtain  a  good  founda- 
tion for  the  spillway  for  the  proposed  lower  barrier.  Cobble  training  walls  on  each 
Bide  of  the  river  below  this  cut  were  built  for  some  12,000  feet.  The  entrance  gates 
to  the  settling  basin  were  constructed,  most  of  its  inclosing  levees  were  built,  and  the 
outlet  works  were  practically  completed  when  this  i>art  of  the  project  was  found  no 
longer  necessary  and  was  abandoned  under  authority  of  the  river  and  harbor  act  of 
Jane  25,  1910.  The  land  acquired  for  the  settling  basin  was  then  sold,  together  with 
the  intake  and  outlet  works. 

Hie  river  channel  from  the  lower  end  of  the  training  walls  to  Marysville  had  been 
cleared  of  brush  and  trees  at  different  times.  This  work  was  done  to  enable  the 
high  water  to  get  away  from  the  vicinity  of  the  works  at  a  fast  rate  and  to  aid  the 
river  to  cut  a  deep  permanent  channel  along  definite  lines. 

The  result  of  this  work  has  been  that  many  million  cubic  yards  of  mining  debris 
have  been  held  within  the  bed  of  the  Yuba  River  that  would  otherwise  have  passed 
on  into  the  navigable  channels  of  the  Feather  and  Sacramento  rivers. 

The  expenditure  of  this  project  prior  to  the  fiscal  year  was  $348,328.S5  of  United 
States  funds,  together  with  an  expenditure  of  $347,(578.88  by  the  state  of  California. 
All  of  this  expenditure  was  for  original  improvement. 

Operations  and  Results  During  the  Fiscal  Year.  During  the  fiscal  year  the  inlet 
wall  at  Daguerre  Point  cut  was  raised  about  18  inches  and  covered  with  a  wooden 
deck,  the  toe  of  the  inlet  wall  was  protected,  and  the  brush  and  trees  were  cut  away 
from  the  river  channel  just  above  the  inlet  wall.  Below  the  training  walls  an 
embankment  was  thrown  up  across  the  head  of  an  old  channel  and  two  smaller 
channels  leading  into  it  were  also  closed.  The  brush  and  trees  were  cut  from  the 
banks  and  channel  of  the  three  miles  of  the  river  immediately  above  Marysville,  and 
some  additions  were  made  to  the  training  wall  system  below  Daguerre  Point.  The 
total  expenditure  of  the  year  was  $19,815.48,  .$9,088.51  of  which  were  expended  by 
the  United  States  and  $9,831.97  by  the  state  of  California.  All  the  expenditure  was 
for  original  improvement 

It  is  estimated  that  3,880,000  cubic  yards  storage  capacity  was  added  to  the  storage 
baain  above  by  the  raising  of  the  inlet  wall,  and  it  is  thought  the  wooden  deck  will 
better  withstand  the  wear  of  gravel  passing  over  it  than  did  the  concrete  surface 
heretofore  afforded.  The  cutting  away  and  burning  of  the  brush  and  trees  immedi- 
ately above  the  inlet  wall  serves  to  distribute  the  attack  of  the  water-borne  gravel 
upon  that  wall.  The  embankment  across  the  old  channel  has  cut  off  what  threatened 
to  be  a  change  in  the  main  channel  of  the  river  and  has  maintained  in  place  the 
debris  already  stored  in  that  old  channel.  The  clearing  away  of  the  brush  and  trees 
over  the  portion  of  the  river  just  above  Marysville  is  aiding  the  river  toward  making 
its  permanent  channel. 

Condition  at  the  End  of  Fiscal  Year,  It  is  estimated  that  91.5  per  cent  of  the 
project  was  completed  at  the  end  of  the  fiscal  year.     The  total  expenditure  up  to 
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that  time  was  $715,823.21,  all  of  which  was  for  original  improvement.  Of  the  total 
expenditure  $358,312.36  was  from  United  States  funds,  and  $357,510.85  was  expended 
by  the  state  of  California. 

Local  Cooperation.  The  act  approved  June  13,  1902,  appropriating  the  final 
$250,000  of  the  $400,000  the  United  States  has  appropriated  for  the  project  pro- 
vided that  the  state  of  California  should  also  appropriate  $400,000  for  the  project, 
to  stand  half  the  cost.  The  state  of  California  has  met  the  conditions  imposed  by 
congress.  Two  gold-dredging  companies — the  Yuba  Consolidated  Gold  Fields  and 
the  Marysville  Gold  Dredging  Company — have  built  training  walls  on  the  south  side 
of  the  river,  below  Daguerre  Point  cut.  This  has  been  done  in  connection  with  their 
dredging  operations.  The  Yuba  Consolidated  Gold  Fields  has  also  built  a  training 
wall,  or  rock  levee,  which  has  taken  the  place  of  the  two  lower  barriers  proposed  in 
the  original  project.  It  is  estimated  that  it  would  have  cost  the  United  States 
$450,000  to  have  built  the  22,500  linear  feet  of  training  walls. 

Effect  of  Improvement.  The  retaining  of  this  debris  in  the  bed  of  the  Yuba  River 
has  facilitated  continuous  navigation  on  the  Sacramento  River,  and  during  the  higher 
stage  of  the  water,  on  the  Feather  River.  Conditions  on  both  these  rivers  in  regard 
to  obstructions  from  debris  are  steadily  improving. 

Proposed  Operations.  As  It  is  thought  that  the  funds  available  for  this  impr6ve- 
ment  are  sufficient  to  cover  for  several  years  the  cost  of  the  work  that  will  be  done, 
no  appropriation  is  asked  for  this  project. 

No  especial  deterioration,  destruction,  or  decay  has  taken  place  to  the  works  of 
this  improvement  during  the  past  year. 

Commercial  Statistics.     See  commercial  statistics  for  Sacramento  River. 

FINANCIAL  SUMMARY. 

Amount  expended  on  all  projects  to  June  30,  1915 : 

New  work ^$358,312  36 

Maintenance    , 

Amount  expended  during  fiscal  years  ending  June  30 : 

1913.  1914.  1915. 

New  work $2,014  86    $315  04    $9,983  51 

Maintenance    

APPROPRIATIONS. 

(For  last  five  fiscal  years  only.) 

None. 

July  1,  1914,  balance  unexpended $79,950  63 

June    30,    1915,    amount    expended    during    fiscal    year    for    works    of 
improvement 9,983  51 

July  1,  1915,  balance  unexpended »$69,967  12 

4.     Alleviation  of  Debris  Conditions  In  the  Sacramento  and  Feather  Rivers, 

California. 

Location.  Tho  work  being  done  is  from  the  mouth  of  the  Sacramento  River, 
California,  at  Collinsville,  to  Rio  Vista,  14  miles  above. 

Original  Condition.  The  vnlloy  of  tho  Sacramento  and  Feather  rivers  is  generally 
alluvial  formation,  having  the  charactoristic  elevation  of  river  banks,  with  depressed 
basins  on  each  side.  Debris  resulting  from  hydraulic  mining  operations  and  natural 
erosion  had  oK^truoted  tho  cliannels  of  those  rivers,  had  by  filling  materially  raised 
their  beds,  and  had  reduced  their  capacity.  Tlie  streams  have  broken  through  their 
banks  and  overflowed  large  areas  during  high  floods,  increasing  the  number  and 
extent  of  bars  and  shoals  in  the  channels  themselves.  The  presence  of  these  large 
deposits  of  debris  in  the  river  channels  and  its  variable  movement  downstream  had 
impain^d  their  navigability. 

Previous  Projects.     None. 


'In  addition  $357,510.85  has  been  expended  by  state  of  California, 

=In  addition  $42,000  is  left  of  the  amount  appropriated  by  the  state  of  California. 


UYDROECONOMICS — DEBRIS    PROBLEM.  65 

Present  Project,  The  construction  and  56  months'  operation  of  two  hydraulic 
dredges  for  remoTal  of  deposits  from  the  river  system  to  prevent  their  impeding  nav- 
igation. It  is  purely  of  a  qualitative  nature,  no  quantitative  results  in  depth,  width, 
or  locality  determination  having  been  established.  It  is  based  on  matter  contained 
(in  accordance  with  the  organic  act  for  the  California  Debris  Commission)  in  the 
annual  report  of  that  commission  for  1007,  as  printed  on  pages  2253-2269,  annual 
report  for  that  year.  The  approved  estimate  of  cost  was  $800,000,  half  of  which 
was  to  be  provided  by  local  interests  according  to  recommendation  of  the  commission 
adopted  in  the  river  and  harbor  act  of  June  25,  1910.  This  estimate  was  exclusive 
of  necessary  rights  of  way  for  spoil  bank,  levee,  etc,  which  also  were  to  be  supplied 
by  local  interests.  During  the  time  elapsed  between  the  proposal  and  the  adoption 
of  the  project,  local  conditions  had  so  changed  that  it  has  been  necessary  to  increase 
the  original  estimate  for  completion  to  $1,660,000.  Daily  tidal  fluctuation  at  the 
mouth  is  about  six  feet  and  varies  upstream  according  to  distance  and  stage.  At 
Sacramento  City,  60  miles  above  the  mouth,  maximum  daily  tide  of  slightly  over  one 
foot  at  extreme  low  water  has  been  observed.  Annual  flow  variations  of  level  at 
the  city  of  Sacramento  approximate  17  feet,  with  occasional  variations  of  20  feet, 
and  extreme  cases  up  to  26  feet  variation  within  a  few  years. 

Operations  and  Results  Prior  to  the  Fiscal  Year.  Two  20-inch  pipe-line  hydraulic 
dredges,  together  with  the  necessary  auxiliary  plant,  were  constructed  at  a  cost  of 
$444,156.47.  These  dredges  were  placed  in  operation  in  July  and  August,  1913,  and 
prior  to  the  fiscal  year  had  excavated  3,373,045  cubic  yards  of  material  from  the 
channel  of  the  Sacramento  River  between  Collinsville  and  Rio  Vista. 

Of  the  material  excavated  1,550,000  cubic  yards  was  placed  in  banks  which  could 
be  used  as  parts  of  levees  in  Shennan  Island,  and  1,823,000  cubic  yards  was  wasted. 
Tlie  total  amount  (none  for  maintenance)  expended  prior  to  July  1,  1914,  was 
$639,554.38.* 

Operations  and  Results  During  the  Fiscal  Year.  The  dredging  plant  has  been 
oi)erated  and  maintained  throughout  the  year,  and  has  excavated  6,379,529  cubic 
yards  of  deposit,  which  has  been  placed  on  Sherman  Island  at  Baker's  Point,  or 
wasted  elsewhere.  A  retaining  embankment  for  further  spoil  deposit  for  a  distance 
of  18,842  feet  upstream  from  Collinsville,  containing  301,472  cubic  yards,  was  con- 
BtTQcted  by  hired  bucket  dredge.  The  total  amount  expended  on  the  work  during 
the  fiscal  year  ending  June  30,  1915,  was  $226,288.80.  Of  this  amount  $216,2r)8.5S 
was  for  the  hydraulic  excavation  and  $10,020.22  for  coustruction  of  the  retaining 
embankment.  This  has  resulted  in  lowering  the  river  bod  and  the  enlar^eniont  of  the 
channel  below  Rio  Vista  for  30,000  feet,  including  the  removal  of  a  portion  of  the 
old  levee  on  the  north  side  of  the  channel. 

Condition  at  End  of  Fiscal  Year.  One  dredge  has  now  been  in  operation  for  20.4 
months,  the  other  for  22.4  months,  which  is  38  per  cent  of  the  112  months'  single- 
dredge  operation  contemplated.  Up  to  June  30,  1915,  there  have  been  excavated 
from  the  Sacramento  River  9,752,574  cubic  yards  of  material.  Below  Kio  Vista 
the  channel  has  been  enlarged  by  a  width  of  275  feet  and  a  depth  of  27  f»'et  for  a 
distance  of  12,400  feet,  and  the  old  levee  (13,400  linear  feet),  located  on  the  north 
side  of  the  channel,  has  been  removed.  Above  Collinsville  the  channel  has  been 
enUirged  by  an  average  width  of  100  feet  and  a  depth  of  27  feet  for  a  distance  of 
4,800  feet;  the  west  side  of  the  channel  has  been  excavated  to  a  depth  of  27  feet  and 
width  of  250  feet  for  a  distance  of  14,000  feet,  and  2,598,735  cubic  yards  of  material 
have  been  removed  from  the  east  side  of  the  channel  and  placed  on  Sherman  Island. 
It  is  not  practicable  to  claim  any  definite  specific  results  as  solely  consetjuent  to 
this  operation,  but  the  general  improvement  noted  in  those  matters  which  it  was  meant 
to  effect  18  believed  to  follow  at  least,  in  part,  therefrom.  The  total  expenditure  on 
the  project  up  to  June  30,  1915,  has  been  $S(J5,843.18,  none  of  which  is  for  main- 
tenance. 

Local  Cooperation.  Requirements  were  set  out  above  under  "Present  Project." 
The  n<K;e88ary  approval  of  compliance  with  these  conditions  as  a  condition  precedent 
to  starting  field  operations  was  given  by  the  Secretary  of  War  in  1913.     The  $400,000 


*Fljrures  in  report  for  fiscal  year  1914  reduced  $7.58,  owing  to  refund  of  overpayment 
Included  therein. 
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was  deposited  for  federal  expenditure.  It  is  uudei'stood  local  interests  subscribed 
$200,000,  aided  by  the  state  and  the  city  of  Sacramento,  in  procorin?  the  land  and 
easements  for  spoil  banks,  etc.,  which  they  have  transferred  to  the  United  States. 
The  state  has  further  deiK>sited  $200,000  to  match  equivalent  funds  made  available  by 
the  federal  government. 

Effect  of  Improvement,     Not  definite ;  see  above  under  results. 

Proposed  Operations.  Are  to  continue  the  dredging  as  outlined  above  under  the 
project  exposition.  The  estimated  cost  of  these  operations  is  as  follows :  For  the 
operation  and  maintenance  of  two  hydraulic  pipe-line  dredges  in  accordance  with  the 
provisions  of  the  act  of  congress  approved  June  25,  1910,  for  a  period  of  34.C  months 
from  June  30,  1915,  at  $23,000  per  month,  $795,800.  The  amount  available  on  June 
30,  1915,  from  all  sources  is  (in  round  numbers)  $335,000,  leaving  $401,000  to  be 
provided  at  this  end,  of  which  it  is  expected  one-half  will  be  provided  by  the  state 
ot  California  or  other  local  agency. 

Commercial  Statistics.     See  commercial  statistics  for  Sacramento  River. 

FINANCIAL  SUMMARY. 
United  States  Funds. 

Amount  expended  on  all  projects  to  June  30,  1915 : 

New  work  $400,000 

Maintenance 

Amount  expended  during  fiscal  year  ending  June  30: 

1913.          1914.  1915. 

New  work  $208,270  18    $1  07  $00,000 

Maintenance    

APPROPRIATIONS. 

(For  last  five  fiscal  years  only.) 

October  2,  1914 $00,000  00 

March  4,  1915 140,000  00 


Amount  allotted  from  river  and  harbor  act  approved  October  2,  1914 $00,(KX)  00 

Amount  allotted  from  river  and  harbor  act  approved  March  4,  1915 140,000  (X) 


$200,000  00 
June  30,  1915,  amount  expended  during  fiscal  year,  for  works  of  improve- 
ment     $00,000  00 


$140,000  00 

Amount    (estimated)    required    to    be    appropriated    for    completion    of 

existing  project ^$230,500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1917,  for  works  of  improvement *75,000  (X) 

FUNDS  CONTRIBUTED   BY  STATE  OF  CALIFORNIA. 

Amount  expended  on  all  projects  to  June  30,  1915 : 

New  work  '$405,843  IS 

Maintenance — 

Amount  expended  during  fiscal  year  ending  June  30 : 

1913.  1914.  1915. 

New  work $17,490  93     «$222,003  45     $100,288  80 

Maintenance   

APPROPRIATIONS. 

(For  last  five  fiscal  years  only.) 

July  1,   1911   $400,000  OO 

May  20,  1915 00,000  00 

July  24,  1915 140,000  OO 


'Exclusive  of  the  balance  unexpended  July  1,  1915. 

'Amount  reported  last  year  reduced  |7.58,  due  to  refund  of  overpayment  made  In 
that  year. 
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July  1,  1914,  balance  unexpended «$161,208  26 

May  20  and  Jnly  24,  1915,  amount  contributed  by  state  of  California 200,000  00 


$361,203  26 
June  30, 1915,  amount  expended  during  fiscal  year,  for  works  of  improve- 
ment     166,288  80 


July  1,  1915,  balance  unexpended $194,914  46 

July  1,  1915,  outstanding  liabilities $20,081  65 

July  1,  1915,  amount  covered  by  uncompleted  contracts 4,695  00 

24,776  65 


July  1,  1915,  balance  available $170,137  81 

Amount  (estimated)   required  to  be  appropriated  by  state  of  California 

for  completion  of  existing  project ^$230,500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1917,  for  works  of  improvement *75,000  00 

CONSOLIDATED. 

Amount  expended  on  all  projects  to  June  30,  1915 : 

New  work •$865,843  18 

Maintenance 

Amount  expended  during  fiscal  year  ending  June  30: 

New  work $285,767  11    ■$222,065  12    $226^288  80 

Maintenance   

APPROPRIATIONS. 

(For  the  last  five  fiscal  years  only.) 

July  1,  1911 $400,000  00 

October  2,  1914 60,000  00 

March  4,  1915 140,000  00 

May  20,  1915 60,000  00 

July  24,  1915 140,000  00 

July  1,  1914,  balance  unexpended _' $161,203  26 

Amount  allotted  from  river  and  harbor  act  approved  October  2,  1914 —      60,000  00 

Amount  allotted  from  river  and  harbor  act  approved  March  4,  1915 140,000  00 

May  20  and  July  24,  1915,  amount  contributed  by  State  of  California..    200,000  00 


$561,203  26 
June  30,  1915,  amount  expended  during  fiscal  year,  for  works  of  improve- 
ment      226,288  80 


July  1,  1915,  balance  unexpended $334,914  46 

Jnly  1,  1915,  outstanding  liabilities $20,081  65 

July  1, 1915,  amount  covered  by  uncompleted  contract 4,695  00 

24,776  65 


July  1.  1915,  balance  available $310,137  81 


Amount  (estimated)  required  to  be  appropriated  for  completion  of  exist- 
ing project  •$461,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1917,  for  works  of  improvement •150,000  00 


*Tht8  amount  Is  Increased  37  cents  over  that  report  in  1914,  due  to  refundment  of 
overpayment  of  that  amount. 

*&LcluM\ve  of  the  balance  unexpended  July  1,  1916. 

•Amount  reported  last  year  reduced  17.58  due  to  refund  of  overpayment  made  in 
that  year. 

•Bxcluslve  of  the  balance  unexpended  July  1,  1915. 
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REPORT  OF   CALIFORNIA    DEBRIS   COMMISSION. 

IMPROVEMENTS. 

1.  Regulation  of  hydraulic  mining 3455 

2.  Studies  and  reports  upon  general   hydraulic  mining  conditions  and  matter 

affecting  or  affected  by  them 3457 

3.  Treatment  of  the  Yuba  River  debris  situation — restraining  barriers 3459 

4.  Alleviation    of   debris   conditions    in    the    Sacramento   and    Feather   rivers, 

California    3401 

For  description  of  improvements  in  this  district,  see  pages  1599  to  1010. 

1.     Regulation   of   Hydraulic   Mining. 

During  the  fiscal  year  five  applications  for  permits  to  mine  by  hydraulic  process 
were  received.  One  permit  was  granted.  Four  permits  were  revoked  because  of  fail- 
ure to  comply  with  the  rules  adopted  by  the  commission. 


IIYDROECONOMICS — ^DEBRIS    PROBLEM. 
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LICEN8E8    REVOKED. 


No. 

Name  of  miue 

County 

Name  of  ovruer 

Mine  drains  into 
tributary  of 

License 
revoked 

777 
866 

883 

801 

Quarry 

Cleveland 

NIxger  Gulch 

Bear  River  HIU  and 
Queen  City. 

Tuolumne.. 

Sierra 

Tuolumne.. 
Placer 

Pacific  Lime  and 
Plaster  Oo. 

Neocene  Placer  Min- 
ing Co. 

E.  C.  Grant 

A.  W.  NIdiolli 

San   Joaquin   River 

Sacramento  River 

San   Joaquin   River 
Sacramento  River 

May    5,  1915 

Sept.  17,  1914 

Sept.  21,  1914 
Oct.   15,  1914 

Ten  hydraulic  mines  are  operating  under  licenses  and  three  others  have  been 
authorized  to  construct  impounding  works. 


Synopsis  of  Licenses  to  Mine  by  the  Hydraulic  Process  in  Force  June  30,  1915. 

No. 

Name  of  mine 

Name  of  owner 

Mine  drains 

into  trlbutaiy 

of 

Kind  of  da.m 

Date  of  license 

127  '  Depot  Hill 

P.  J.  Joubert 

Sacramento 
Sacramento 
Sacramento 
Sacramento 

San  Joaquin 
Sacramento 

Sacramento 
Sacramento 
Sacramento 

Sacramento 

Concrete 

Jan.     6,  1909 

768      nrandT  Oftv 

A.  Stcinberger 

Hydraulic  fill 

Log  and  bm.sh 

Concrete  

Nov.  80.  1908 

837 
867 

Sky  High 

Hydraulic  King.. 

Red  Cloud 

Goggenn  

Cherokee 

BIrdseye  Creek.. 
Omega 

Bessie  Bench 

G.  W.  Bradon  et  al 

Gold    Mountain    Hy- 
draulic   and    Dredg- 
ing Co. 

Alvah  G.  Eckel 

Sierra  Nevada  Devel- 
opment Co. 

D.  L.  Yintln 

Dec.  29,  1906 
Sept.  29,  1913 

868 

864 

885 

Hydraulic  flD 

Log  

Concrete  and  earth 
Earth  

Oct.  6,  1910 
Nov.  21,  1911 

Oct.  21.  1911 

897 

E.  T.  Banning  et  al.. 
South  Yuba  Mining 
Development  Co. 

J.  G.  Andree 

May  26.  1918 

808 
899 

Cobbles  In  wire  bas- 
kets backed  by 
earth  fill. 

Log  

Mar.  18,  1914 
Jnrie  21.  leis 

2.    Studies  and   Reports  Upon  General   Hydraulic  and   Hydraulic  Mining  Conditions 

and  Matters  Affecting  or  Affected  by  Them. 

For  the  purpose  of  maturing  plans  for  improving  navigability  of  the  rivers  of  the 
Sacramento  and  San  Joaquin  River  systems,  deepening  their  channels  and  protecting 
their  banks  with  a  view  to  making  them  effective  as  against  encroachment  of  and 
damage  from  debris  resulting  from  mining  operations,  natural  erosion,  or  other  causes, 
as  called  for  in  the  act  creating  the  California  Debris  Commission,  there  were  made 
during  the  fiscal  year  surveys  of  Mokelumne  River,  including  both  the  north  and 
south  fork  from  New  Hope  Landing  to  its  mouth,  Snodgrass  Slough  from  the 
Mokelumne  River  to  its  head  in  Sacramento  Basin,  and  Georgiana  Slough,  which 
connects  the  Sacramento  River  at  Walnut  Grove  with  the  Mokelumne  River,  near  the 
mouth  of  the  latter,  aggregating  49^  miles  in  length,  and  some  assistance  was 
rendered  the  third  San  Francisco  district  in  a  survey  of  the  San  Joaquin  River  pro- 
ceeding under  it,  the  data  for  which  will  be  available  for  commission  purposes. 

Under  state  laws  all  plans  for  new  reclamation  of  lands  from  floods  and  for  con- 
structing new  or  altering  old  levees  within  the  areas  subject  to  floods  of  the  Sacra- 
mento and  San  Joaquin  rivers  and  their  tributaries  are  submitted  to  and  passed  upou 
by  a  state  reclamation  board.  All  applications  and  plans  for  these  works  are  referred 
by  that  board  to  this  ofllce,  which  has  in  each  case  indicated  to  the  board  whether 
or  not  the  proposed  plans  are  likely  to  interfere  with  carrying  out  the  plans  matured 
and  adopted  by  the  commission  under  the  act  approved  March  1,  1893  (H.  Document, 
No.  SI,  62d  Congress,  First  Session). 

The  expenditures  during  the  fiscal  year  ending  June  30,  1915,  for  regulatini? 
hydraulic  mining  and  making  examination  and  sur\'eys  for  improvement  of  naviga- 
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tion,  control  and  disposition  of  mine  debris  and  control  of  flood  waters,  were  as 
follows : 

Rej^ulatinj?  hydraulic  mining,   eicaminations.   surveys,    plans   for   control 

disposition  of  mine  debris  and  control  of  flood  waters $10,592  Si 

Survey    of    portions    of    Mokelumne    River,    Snodgrass    and    Georgiana 

sloughs 4,119  67 


Act— 
Oct.  ] 
Mar.  1 
June  11 
June  4 
June  19 
July  1 
June  7 
Mar.  3 
June  6 
Mar.  3 
Mar.  3 
Feb.  14 
June  28, 
Mar.  2 
April  S8, 
Mar.  3 
June  30, 
June  30 
Mar.  4 
Ma  J  27 
Mar.  4 
Feb.  25 
June  25 
Mar.  4 
Aug.  24 
June  23 
Aug.  1 
Mar.    3 


APPROPRIATIONS. 


deficiency) 

civil)   

civil)   

deficiency) 

civil)   

deficiency) 

civil)   

civil)  

dvll)   

civil)  

defleiency) 

dvll) 

dvll)  

dvll)   

civil)   

deflcieney) 

dvll)  

dvll)   

civil)  

dvll)   

civil)   

dvll)   


(claims). 


(riairaei). 


(claims). 


1888    _. 

1603  (California  Debris  Commishion). 

1806  (sundry  dvll)  

1897  (sundry  civil) 

1807  (urgent  deficiency)  (claims) 

18S8  (sundry  dvll)   _ 

1808  (urgent 
1800  (sundry 
lOTO  (sundry 
1901  (urgent 
1901  (sundry 
IOCS  (urgent 
19C2  (sundry 
1003  (sundry 

1904  (sundry 

1905  (sundry 

1906  (urgent 
1906  (sundry 
190(7  (sundry 
10:8  (sundry 
19C0  (sundry 
1910  (urgent 

1910  (sundry 

1911  (h'undry 

1912  (sundry 

1913  (sundry 

1914  (sundry 
191a  (sundry 


(claims). 


1^10.000  00 
15,000  00 
15,000  00 
15,000  03 
2111  70 
15,000  00 
«40 
15,000  00 
15,000  00 

«4  37 
15,000  00 

»1  52 
15,000  00 
15,000  00 
15,000  00 
15,000  00 
»5,000  00 
15,000  00 
15.000  00 
15,000  00 
15,000  00 

*6  10 
15.000  00 
15,000  00 
15,000  00 
15,000  00 
15.000  00 
15,000  00 


Total - _ - - <|330,124  09 

Less  reversions  to  treasury  subsequent  to  1906 14,081  63 


Balance  *$316,042  46 

CONTRACTS   IN    FORCE. 

Survey  Operations  on   Mokelumne   River,  California. 
Lease  of  Qasoline  Launch. 

Name  of  contractor:  O.  F.  Peterson. 
Date  of  contract:  August  1,  1914. 
Date  of  approval :  Lease ;  approval  not  required. 
Date  fixed  for  commencement:  Augrst  1,  1014. 
Actual  date  of  commencement :  August  1,  1914. 
Date  fixed  for  completion:  October  .'Jl,  1914. 
Percentage  of  completion  at  end  of  fiscal  year :  100. 
Amount  of  contract :  $600. 
Price  per  unit:  $200  per  month. 


Name  of  contractor:  O.  F.  Peterson. 
Date  of  contract:  December  1,  1914. 
Date  of  approval:  Lease;  approval  not  required. 


^For  preliminary  examination. 

=Xf»l  disburscfl  tiirough  War  Department. 

*To  restore  property  and  records  (l«'stroyc<l  by  flr<»  In  .April,  IIho. 

*<>«ing  to  the  destruction  In  tlie  fire  of  15MJ  of  the  records  cif  tlie  San  Francisco  ofRec,  whore 
the  only  aceessible  reconl  of  re^'e'ryions  to  treasury,  etc.,  was  kept,  It  is  not  practicable  to 
rreomile  this  amount  with  the  anuumts  indiratcd  in  the  flnanelal  Fummary,  since  the  reports 
submitted  prior  to  that  time  did  not  «?(»  separate  these  Items  as  to  permit  their  correct  entry 
under  present  form  of  obtaining  balance. 
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Date  fixed  for  commencement :  December  1,  1914. 
Actual  date  of  commencement:  December  1,  1914. 
Date  fixed  for  completion :  February  15,  1915. 
Percentage  of  completion  at  end  of  fiscal  year:  100. 
Amount  of  contract:  $500. 
Price  per  unit :  $200  per  month. 

Commercial  Statistics. 
See  commercial  statistics  for  Sacramento,  San  Joaquin  and  Mokelumne  rivers. 

3.     Treatment  of  the  Yuba   River  Debris  Situation. 

Restraining  Barriers. 

Work  at  Daguerre  Point  Cut.  During  the  year  the  inlet  wall  at  Daguerre  Point 
Cut  was  raised  about  18  inches  and  covered  with  a  wooden  deck  and  the  abutment 
at  the  north  end  of  the  wall  was  raised  about  two  feet  in  height  by  an  earth  embank- 
ment. The  end  of  this  embankment  and  the  sides  for  some  distance  back  were 
protected  by  stone  paving.  This  work  was  done  by  contract  at  a  total  cost  of 
$10,969.28^  including  inspection  expenses,  one-half  of  the  expenditure  being  borne 
by  the  state  of  California. 

The  toe  along  the  northerly  250  feet  of  the  inlet  wall  showed  signs  of  becoming 
undermined  by  the  action  of  the  water  at  flood  tide  and  was  therefore  protected  in 
the  following  manner :  Concrete  was  mixed  on  the  deck  of  the  inlet  wall  and  placed 
in  sacks ;  after  the  concrete  had  thoroughly  set  the  sacks  of  concrete  were  lowered 
into  place  along  the  toe  of  the  wall,  4,500  sacks  of  concrete  (containing  about  450 
cubic  yards)  being' placed  in  this  manner.  This  work  was  done  under  an  "additional- 
labor"  proviso  of  the  contract  just  mentioned.  The  cost  of  this  work,  including 
inspection  expenses,  was  $2,870.65*,  one-half  of  which  was  borne  by  the  state  of 
California. 

The  brush  and  trees  from  the  channel  immediately  above  the  inlet  wall  were  cut 
down  and  burned.  This  was  done  to  distribute  the  attack  of  the  water-borne  gravel 
upon  the  inlet  wall.  About  25  acres  of  land  were  cleared  in  this  way  at  a  total  cost 
of  $536.54,  one-half  of  which  was  borne  by  the  state  of  California.  This  work  was 
done  under  the  "additional-labor"  feature  of  the  same  contract. 

Embankment  Across  Old  Channel.  Below  the  training  walls  an  embankment  was 
thrown  up  across  the  head  of  an  old  channel  that  threatened  to  take  the  flow  of  the 
river  away  from  the  main  channel.  The  lower  reaches  of  this  channel  contain  a 
quantity  of  debris  which  would  gradually  pass  on  down  the  river  were  it  allowed  to 
become  the  main  channel.  This  embankment  serves  as  a  continuation  of  the  training- 
wall  system.  Two  smaller  channels  leading  into  this  old  channel  were  also  closed. 
These  embankments  contained,  in  all,  approximately  13,000  cubic  yards  of  material, 
and  the  total  cost  of  this  work,  including  inspection,  expenses,  grubbing  site,  brushing 
completed  embankments,  etc.,  was  $4,351.32,  one-half  of  it  being  borne  by  the  state 
of  California,  The  cost  of  throwing  up  the  embankment  was  $3,892.50,  or  about 
29.9  cents  per  cubic  yard.  These  embankments  were  constructed  with  four-mule 
teams  and  scrapers,  the  teams  and  scrapers  being  furnished  on  an  oral  agreement  at 
the  rate  of  $7.50  per  day  for  four-mule  team  with  scraper  and  driver. 

Brush  Cutting  from  Channel  and  Banks.  The  brush  and  trees  were  cut  from  the 
channel  and  banks  of  the  Yuba  River  for  the  three  miles  immediately  above  Marys- 
ville.  This  was  done  to  concentrate  the  flood  flow  effects  and  thus  to  aid  the  river 
in  deepening  and  rendering  permanent  its  channel  through  this  section  and  to  facili- 
tnte  high-water  escape.  The  banks  were  cleared  for  50  feet  to  100  feet  back,  and  the 
channel  cleared  of  trees  and  brush  that  had  lodged  in  it.  This  work  was  done  by 
day  labor  at  a  total  cost  of  $HS7.75,  one-half  of  this  amount  being  borne  by  the  state 
of  California. 

Additions  to  Training  Walls.  The  training  walls,  or  rock  levees,  which  are  being 
built  by  gold-dredging  companies,  along  the  lines  desired  by  the  United  States  for 
furthering  the  project  ends,  were  extended  during  the  year.     About  3,400  linear  feet 


'The  total  work  done  under  this  contract  amounted  to  $13,839.98,  from  which 
amount  the  sum  of  $53.15  was  deducted  on  account  of  expenses  Incurred  after 
expiration  of  time  limit  of  contract. 
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of  training  walls  were  built  above  Daguerre  Point  and  about  2,900  feet  below 
Daguerre  Point.  These  training  walls  are  being  thrown  up  by  the  gold  dredges. 
The  gold  dredges  separate  the  coarse  material  from  the  fine  and  deposit  the  coarse 
on  top.  This  furnishes  a  rock  levee  with  only  large  cobbles  above  the  natural  surface, 
while  the  finer  material  is  left  beneath  the  original  surface. 

APPROPRIATIONS. 
June  3.  1806 ^$250,000  00 

June  13,  1902 150.000  00 

Total    $400,000  00 

Received   from  sales 28,279  48 

Grand   total   $428,279  48 

CONTRACTS   IN   FORCE. 

Raising  and   Covering  with   Wooden   Deck  the   Inlet   Wall   at   Daguerre   Point   Cut, 

Yuba  River.* 

Name  of  contractor:  Nelson  &  Bauer. 

I>ate  of  contract:  July  17,  1914. 

Date  of  approval :  Emergency  contract ;  approval  not  required. 

Date  fixed  for  commencement:  July  27,  1914. 

Actual  date  of  commencement:  July  27,  1914. 

Percentage  of  completion  at  end  of  fiscal  year:  100. 

Amount  of  contract:  $13,317.72. 

Prices  per  unit: 


Article 


Unit 


Unit  prices 


Pln€  timber 

Sted  channels  ... 

Anehor  bolts 

Lif  screws 

Lag  wrewB 

Wrought  washers 
Wrought  washers 

Concrete 

Embankment 

8l5pe  paving 


M  foot  b  m. 
Linear  foot 
100  pieces 
100  piecM 
100  pieces 
100  pieces 
100  pieces 
Cubic  yard 
Cubic  yard 
Square  yard 


$31  «0 

M 

8B0O 

«  54 

465 
30 
22 

880 
fiO 

200 


COMMERCIAL  STATISTICS. 
See  report  on  Sacramento  River. 

4.    Alleviation  of  Debris  Conditions  In  the  Sacramento  and   Feather  Rivera. 

The  operations  during  the  fiscal  year  have  been  as  follows : 

The  two  20-inch  pipe  line  hydraulic  suction  dredges  Hacratncnto  and  San  Joaquin^ 
together  with  the  necessary  auxiliary  plant,  have  been  operated  and  maintained  for  a 
period  of  10.95  months,  the  latter  having  been  laid  up  for  rexmirs  from  September  2 
to  October  24,  1914,  and  the  former  from  December  23,  1914,  to  January  4,  1915 ;  a 
failed  clamshell-bucket  dredge  was  operated  from  January  14  to  May  22,  1915,  and 
constructed  a  retaining  embankment  for  spoil  deposit 

During  the  year  6,379,529  cubic  yards  of  material  have  been  excavated  from  the 
Bacramento  River  between  Collinsville  and  Rio  Vista  and  placed  as  the  core  of  a 
levee  on  Sherman  Island  at  Baker's  Point  or  wasted  on  other  spoil  banks,  at  a  total 
cost  of  $246,370.45*,  or  3,8618  cents  per  cubic  yard. 

The  dredge  Sacramento  removed  3,585.093  cubic  yards  of  material  from  the  river 
at  a  total  cost  of  |107,759.55,  or  3.00574  cents  per  cubic  yard;  1,249,352  cubic  yards 
of  this  was  placed  as  part  of  a  proposed  levco  on  Sherman   Island  at  a  cost  of 


*State  of  California  appropriated  $250,000  for  use  with  this  appropriation  at  equal 
rate  of  expenditure. 

'State  of  California  appropriated  $150,000  for  use  with  this  appropriation  at  equal 
rate  of  expenditure. 

'One-half  of  cost  payable  by  state  of  California. 

'Includes   outstanding   liabilities. 
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$53,936.10*,  or  4.31711  cents  per  cubic  yard ;  and  2,335,741  cubic  yards  was  wasted 
on  spoil  banks  on  the  right  side  of  the  river  at  a  cost  of  $53,823.46,  or  2.3(M32  cents 
per  cubic  yard. 

The  dredge  San  Joaquin  removed  2,7S>4,43G  cubic  yards  of  material  from  the  river, 
all  of  which  was  placed  on  spoil  banks  on  the  right  side  of  the  river  at  a  cost  of 
$102,444.84,  or  3.66G02  cents  per  cubic  yard. 

The  portion  of  the  levee  constructed* on  Sherman  Island  at  Baker's  Point  is  approxi- 
mately 6,100  feet  in  length,  20  feet  high,  10  feet  wide  at  the  crest  and  400  feet  at  the 
base,  and  contains  1,453,965  cubic  yards  of  material,  the  cost  of  which  has  been 
^93,296.96,  or  C.417  cents  per  cubic  yard. 

The  retaining  embankment  for  spoil  deposit  constructed  by  a  hired  bucket  dredge  is 
18,842  feet  long,  6  feet  high,  and  contains  301,472  cubic  yards,  the  cost  of  which 
has  been  $10,020.22,  or  3.3237  cents  per  cubic  yard. 

The  original  estimated  cost  of  this  project  (Kept.,  June  30,  1907)  was  $800,000. 
The  report  was  adopted  by  congress,  June  25,  1910,  but  during  the  period  between 
its  proposal  and  adoption  reclamation  had  so  increased  the  value  of  lands  that  would 
have  been  necessary  for  spoil  banks  on  the  upper  rivers,  where  it  had  originally  been 
in  mind  that  the  dredging  would  be  done,  and  so  concentrated  the  channel  flow  to 
assist  in  moving  deposits  downstream,  that  the  cost  of  doing  the  work  in  the  upijer 
river  would  have  been  increased  and  the  advantages  decreased ;  work  was  conse- 
quently concentrated  at  the  lower  end  of  the  river  to  afford  a  steeper  gradient  to  the 
river  bottom  and  a  reservoir  capacity  to  absorb  the  material  whose  movement  down- 
stream was  to  be  thus  accelerated.  This  required  digging  to  a  greater  depth  than 
was  formerly  in  mind  and  this  in  turn,  together  with  the  greater  exposure  to  the 
plant,  required  larger  and  more  exi)ensive  dredges  and  appurtenant  plant  than  had 
been  included  in  the  figures  of  the  original  estimate. 

The  actual  cost,  including  the  cost  of  the  dredging  plant,  to  June  30, 1915,  amounts 
to  $885,924.81',  $444,253.30  of  which  covered  original  cost  of  dredging  plant,  and 
$441,671.51*  have  been  for  maintenance  and  operation  for  a  mean  period  of  21.4 
u^onths  or  38.2  per  cent  of  the  operations  contemplated  in  the  project,  or  at  a  cost  of 
$20,608.45  per  month. 

As  the  dredging  plant  becomes  older,  maintenance  and  necessarj'  replacements  will 
require  increased  expenditure  each  month,  and  for  the  remaining  balance  of  <M.6 
months  it  is  estimated  that  the  cost  of  maintenance  and  operation  of  the  dredges  and 
appurtenant  plant  will  be  $23,000  per  month,  or  $795,800. 

APPROPRIATIONS. 

By  the  United  States. 
Act- 
June  25,   1910 •$400,000  00 

October  2,  1914  (allotted  Oct.  9,  1914) t60,00O  00 

March  4,  1915  (allotted  May  27,  1914) tl40,00O  00 

Total    - $600,000  00 

By  the  State  of  California. 

State   of   California   appropriated   March    1,    1900,   for   use   with   this 
appropriation,    and   deposited    the    amount    in    the   United    States 

Treasury  July  1,  1913 ♦$400,000  00 

This  amount  and  any  further  similar  funds  contributed  were  accepted 
and  reappropriated  by  the  cited  act  of  congress. 

State  of  (California  appropriated  June  7,  1913 t200,000  00 

Of  which  $(>0,000  was  deposited  to  credit  of  the  United  States  on 
May  20,  1915,  and  $140,()(X)  on  July  9,  1915. 

Total    $600,000  00 

'In  aildition  $J:i.:i77.orj  was  oxp<'n(1tMl  In  connection  witli  trestle  construction  for 
proposod  leveo. 

^Includo.s  $22, ."177.03  expended  in  crmneition  with  trestle  construction  for  proposetl 
lev  OP. 

■•Includes  $20,081. fif)  outstandins:  liabilities. 
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Received  From  MIecellaneous  Sources. 

For  the  credit  of  this  appropriati<m  there  was  received  from  miscel- 
laneous sources  $757  &4 


Grand  total $1,200,757  64 

CONTRACTS   IN    FORCE. 
For  Fuel  Oil  and  Distillate. 

Name  of  contractor:  Standard  Oil  Co. 
Date  of  contract:  August  1,  1913. 
Date  of  approval :  £]mergency  contract ;  not  approved. 
Date  fixed  for  commencement :  August  10,  1913. 
Actual  date  of  commencement:  August  5,  1913. 

Date  fixed  for  completion :  Distillate  July  31,  1914 ;  fuel  oil  July  31,  1915. 
Percentage  of  completion  at  end  of  fiscal  year :  96. 
^imonnt  of  contract :  Indeterminate. 

Prices  per  unit :  Fuel  oil,  $1.05,  95  cents,  80  cents,  and  85  cents  per  barrel ; 
distillate,  6^  cents  and  7^  cents  per  gallon ;  according  to  place  of  delivery. 

Lease  of  Oil  Barge. 

Name  of  contractor:  A.  K.  Yamey. 
Date  of  contract:  May  11,  1914. 
Date  of  approval :  Lease ;  approval  not  required. 
Date  fixed  for  commencement :  May  11,  1914. 
Actual  date  of  commencement:  May  11,  1914. 
Date  fixed  for  completion :  September  11,  1914. 
Percentage  of  completion  at  end  of  fiscal  year :  100. 
Amount  of  contract :  $300. 
Price  per  unit,  $2.50  per  day. 

Lease  of  Launch  and  Barge. 

Name  of  contractor:  Charles  H.  Ehlert. 

Date  of  contract :  July  15,  1914. 

Date  of  approval :  Lease ;  approval  not  required. 

Date  fixed  for  commencement :  July  15,  1914. 

Actual  date  of  commencement:  July  15,  1914. 

Date  fixed  for  completion :  January  14,  1915. 

Percentage  of  completion  at  end  of  fiscal  year :  100. 

Amount  of  contract :  $1,200. 

Price,  per  unit :  $135  per  month  for  launch  and  $65  per  month  for  barge. 

Lease  of  Launch. 

Name  of  contractor:  Charles  H.  Ehlert. 
Date  of  contract :  July  15,  1914. 
Date  of  approval :  Lease ;  approval  not  required. 
Date  fixed  for  commencement :  July  15,  1914. 
Actual  date  of  commencement :  July  15,  1914. 
Date  fixed  for  completion :  October  14,  1914. 
Percentage  of  completion  at  end  of  fiscal  year :  100. 
Amount  of  contract:  $300. 
Price,  per  unit :  $100  per  month. 

Furnishing  Rubber  Dredger  Sleeves. 
Name  of  contractor :  Bowers  Rubber  Works. 
Date  of  contract :  August  18,  1914. 
Date  of  approval :  Emergency  contract,  not  approved. 
Date  fixed  for  commencement :  August  28,  1914. 
Actual  date  of  commencement :  September  20,  1914. 
Date  fixed  for  completion :  October  17,  1914. 
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Percentage  of  completion  at  end  of  fiscal  year:  100. 
Amount  of  contract:-  $4,488. 
Price  per  unit :  $44.88. 

Lease  of  Barge. 

Name  of  contractor :  Charles  11.  Ehlert. 
Date  of  contract :  October  1,  1914. 
Date  of  approval :  I^ease ;  approval  not  required. 
Date  fixed  for  commencement :  October  1,  1914. 
Actual  date  of  commencement :  October  1,  1914. 
Date  fixed  for  completion :  March  31,  1915. 
Percentage  of  completion  at  end  of  fiscal  year:  100. 
Amount  of  contract :  $390. 
Price,  per  unit :  $(55  per  month. 

Lease  of  Launch. 

Name  of  contractor:  Charles  H.  Ehlert. 
Date  of  contract:  October  15,  1914. 
Date  of  approval :  Lease ;  approval  not  required. 
Date  fixed  for  commencement :  October  15.  1914. 
Actual  date  of  commencement :  October  15,  1914. 
Date  fixed  for  completion :  June  30,  1915. 
Percentage  of  completion  at  end  of  fiscal  year:  100. 
Amount  of  contract :  $850. 
Price,  per  unit :  $100  per  month. 

Lease  of  Oil  Barge. 

Name  of  contractor:  Oakland  Launch  and  Tugboat  Co. 
Date  of  contract :  December  11,  1914. 
Date  of  approval :  Lease ;  approval  not  required. 
Date  fixed  for  commencement :  December  17,  1914. 
Actual  date  of  commencement :  December  17,  1914. 
Date  fixed  for  completion :  June  10,  1915. 
Percentage  of  completion  at  end  of  fiscal  year :  100. 
Amount  of  contract :  $600. 
Price,  per  unit :  $100  per  month. 

Lease  of  Gasoline   Launch. 

Name  of  «)ntractor:  Oakland  Jjaunch  and  Tugboat  Co. 
Date  of  contract :  January  2,  1915. 
Date  of  approval :  Ix^aae ;  approval  not  required. 
Date  fixed  for  commencement :  January  11,  1915. 
Actual  date  of  commencement :  January  11,  1915. 
Date  fixed  for  completion :  June  30,  1915. 
Percentage  of  completion  at  end  of  fiscal  year:  100. 
Amount  of  contract :  $705. 
Price,  per  unit:  $1.3.")  per  month. 

Lease  of  Bucket  Dredge. 

Name  of  contractor :  Suisun  Dredging  Co. 
Date  of  contract:  January  9,  1915. 
Date  of  approval :  I^^asi* :  approval  not  required. 
Date  fixed  for  commencement:  January  14,  1915. 
Actual  date  of  commencement :  January  14,  1015. 
Date  fixed  for  completion:  May  29,  1915. 
IVrcentnpe  of  completion  at  end  of  fiscal  year:  100. 
Amount  of  contract :  $12,.50O. 
Price,  ixM-  unit:  $110  per  day. 
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Lease  of  Barge. 

Name  of  contractor:  Oaklaud  rjaunch  and  Tugboat  Co. 

Date  of  contract :  March  29,  1015. 

Date  of  approval :  Lease ;  approval  not  required. 

Date  fixed  for  commencement :  April  1,  1915. 

Actual  date  of  commencement :  April  1,  1915. 

Date  fixed  for  completion :  September  30,  1915. 

Percentage  of  completion  at  end  of  fiscal  year :  50. 

Amount  of  contract :  $390. 

Price,  per  unit:  $65  per  month. 

Commercial   Statistics. 
See  report  on  Sacramento  River,  California. 

EXTRACT  FROM  THE  ANNUAL  REPORT  OF  THE  CHIEF  OF  ENGINEERS  TO 

THE  SECRETARY  OF  WAR. 

War  Dep.\rtment, 
Office  of  Cuief  of  Engineers, 

Washington,  September  28,  1915. 

Sacramento- Feather  Rivers  Board. 

This  board  has  charge  of  the  improvement  of  the  Sacramento  and  Feather  rivers, 
which  drain  the  northern  portion  of  the  central  valley  of  California.  The  exact 
line  of  demarcation  between  the  Sacramento  and  San  Joaquin  rivers  is  not 
determinable  with  definiteness  since,  with  their  common  delta,  they  merge  into  one 
another,  but  the  line  of  the  Cosumnes  Kiver  furnishes  as  good  a  boundary  as  any 
and  is  generally  assumed  therefor.  For  more  detailed  description  of  the  limits  in 
other  directions,  see  page  1461  for  corresponding  description  of  the  third  Sail 
Francisco,  California,  district. 

The  river  and  harbor  act,  approved  June  3,  1890,  required  the  Secretary  of  War 
to  appoint  the  Sacramento-Feather  River  Board,  and  provided  that  the  same  should 
consist  of  three  engineers  of  the  United  States  Army.  During  the  year  this  board 
consisted  of  Lieut.  Col.  Thos.  IL  Rees,  Corps  of  Engineers  (seuior  member)  ;  Maj. 
R.  R.  Raymond,  Corps  of  Engineers ;  Maj.  L.  II.  Rand,  Corps  of  Eugineers  ( re- 
corder), since  August  7,  1914;  and  Maj.  S.  A.  Cheney,  ('on)s  of  Eugineers 
(recorder),  prior  to  that  date.  The  recorder  exercises  immediate  supervisiou  over 
the  work. 

Improvements. 

1.  Sacramento   and  Feather  rivers,  California    (general   improvement),   page   1457.. 

For  board's  report,  see  pages  3345  to  334 S,  inclusive. 
1.  Improving   Sacramento  and   Feather   rivers,    California    (general    improvement). 

Location.  The  Sacramento  River  rises  in  the  Trinity  Mountains,  in  northern 
California,  flows  about  375  miles  in  a  southerly  direction  and  empties  into  Suisuu 
Bay.  It  is  navigable  from  Red  Bluff  to  its  mouth,  a  distance  of  2(>1  miles,  and  tiiis 
is  the  portion  under  improvement.  The  Feather  River  heads  on  the  crest  of  the 
Sierra  Xevadas,  flows  in  a  southwesterly  course  and  empties  into  the  Sacramento 
River  about  20  miles  (by  river)  above  Sacramento.  The  lower  30  miles  from 
Marysviile  to  its  mouth  is  navigable.  (See  U.  S.  (Jeological  Survey,  "Topographic 
Map  of  the  Sacramento  Valley,  California.") 

Original  Condition.  Before  improvement,  navigation  on  the  Sacramento  River 
above  Colusa,  150  miles  above  the  mouth,  was  very  difficult  on  account  of  snags  and 
bars,  and  in  1875  it  w*as  navigated  regularly  only  as  far  as  Jacinto,  ISO  miles  above 
the  mouth,  although  it  had  been  navigated  regularly  to  Red  Bluff,  2(V1  miles  above  the 
mouth,  before  that  time.  Below  Sacramento  there  was  said  to  \w  less  than  seven  feet 
of  water  on  shoals,  and  river  steamers  were  unable  to  reach  Sacramento  without 
lightening  their  cargoes.  Feather  River  was  practically  uuuavigable  at  low- water 
stage  on  account  of  deposits  of  mining  debris. 

PrcriouM  Projects.  The  original  project  adopted  by  river  and  harbor  act  of 
March  3,  1875,  was  modified  by  river  and  harbor  acts  of  August  7,  1K82,  Decem- 
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ber  21,  1889,  July  13,  1892,  and  amended  by  river  and  harbor  act  of  August  18, 
1894.  The  amount  expended  on  all  projects  prior  to  the  adoption  of  the  present 
project  was  $740,860.21.  For  scope  of  previous  projects,  see  Appendix,  page  1985. 
Present  Project.  Sacramento  River  is  being  improved  under  plans  adopted  as 
follows : 

Below  Sacramento,  with  a  view  to  securing  a  least  channel  depth  of  se^-en  feet 
by  means  of  a  system  of  wing  dams  at  or  near  shoals,  supplemented  by  dredging,  if 
necessary,  at  an  estimated  cost  of  $280,000,  adopted  by  the  river  and  harbor  ace 
approved  March  3,  1899,  in  accordance  with  the  reports  printed  in  House  Document 
No.  186,  Fifty-fifth  Congress,  second  session,  and  House  Document  No.  48,  Fifty- 
fifth  Congress,  third  session. 

Above  Sacramento,  with  a  view  to  securing  a  channel  four  feet  deep  up  to 
Colusa,  three  feet  deep  from  Colusa  to  Chico  Landing,  and  such  depth  as  is  prac- 
ticable from  Chico  Landing  to  Red  Bluff,  at  an  estimated  annual  expenditure  of 
$25,000,  adopted  by  the  river  and  harbor  act,  approved  July  25,  1912,  in  accordance 
with  the  report  printed  in  House  Document  No.  76,  Sixly-second  Congress,  first 
session. 

The  tidal  range  is  six  feet  at  the  mouth  of  the  river,  and  during  extreme  low 
water  about  one  foot  at  Sacramento,  at  which  latter  point  irregular  flow  conditions 
cause  a  variation  of  about  20  feet  in  levels.  The  distance  from  the  mouth  to  Sac- 
ramento is  60  miles,  to  Colusa  150  miles,  to  Chico  Landing  201  miles,  and  to  Red 
Bluff  261  miles.  In  the  report  printed  in  House  Document  No.  48,  Fifty-fifth  (Con- 
gress, third  session,  a  board  of  engineers  expressed  the  opinion  that  no  permanent 
improvement  of  the  Feather  River  could  be  carried  out  at  reasonable  or  justifiable 
cost  until  the  flow  of  sand  and  other  mining  detritus  had  been  stopped.  Since  the 
adoption  of  this  report  in  1899  no  work  has  been  done  for  the  improvement  of 
Feather  River. 

Operations  and  Results  Prior  to  Fiscal  Year.  Prior  to  the  fiscal  year  snagging 
had  been  done  annually  on  the  upper  and  lower  Sacramento  River;  temporary  wing 
dams  built  and  occasional  dredging  done  on  the  upper  Sacramento  River;  more 
permanent  wing  dams  built  and  repairing  done  to  the  same,  and  occasional  dredging 
resorted  to  on  the  lower  Sacramento  River.  Snagging  had  been  done  and  temporary 
wing  dams  had  been  built  at  various  times  on  the  Feather  River.  Since  1902  the 
project  depths  had  been  maintained  on  the  Sacramento  River,  except  at  a  few  places 
for  a  few  days,  pending  restoration  w^ork,  during  low-water  periods.  The  dangers  to 
navigation,  especially  above  Colusa,  due  to  snags  and  other  obstructions,  had  been 
greatly  reduced,  and  conditions  in  the  lower  regions,  due  to  obstructions  of  mining 
debris,  had  been  greatly  alleviated.  Prior  to  the  beginning  of  the  fiscal  year, 
$363,318.13  had  been  spent  on  the  present  project,  of  which  $37,212.71  was  considered 
to  be  for  original  work,  and  $326,105.42  for  maintenance. 

Operations  and  Results  During  the  Fiscal  Year.  The  Sacramento  River  was 
snagged  from  its  mouth  to  Chico  Landing,  a  distance  of  about  201  miles.  Some 
1,888  snags  were  removed  from  the  river  and  destroyed,  and  491  overhanging  trees 
were  cut  from  the  banks.  This  work  was  done  at  a  cost  of  $17,561.69.  Four  new 
wing  dams  were  built,  and  17  wing  dams  were  repaired,  at  a  cost  of  $8,857.38.  Work 
on  a  bank  protective  group  of  piling  at  Collins  Eddy,  Sacramento  River,  was  done 
at  a  cost  of  $2,144.44.  All  the  above  work  was  done  with  hired  labor  and  with 
government  plant.  Dredging  was  resorted  to  in  two  places  in  the  Sacramento 
River — Sacramento  Bend  and  opi)osite  Knox's  lumber  wharf  at  Sacramento.  At 
Sacramento  Bend  a  channel  200  feet  wide  and  1,000  feet  long  was  dredged  to  a 
depth  of  nine  feet  at  a  cost  of  $1,354.12.  Opi>osite  Knox*s  lumber  wharf,  a  channel 
125  feet  wide  and  000  feet  long  was  dredged  to  a  depth  of  nine  feet,  at  a  cost  of 
$519.87.  This  dredging  was  done  by  a  dredge  hired  at  the  rate  of  $135  per  day  of 
22  hours.  The  project  depths  on  the  Sacramento  River  were  maintained  during  the 
year,  except  for  a  few  days  at  one  point.  All  the  work  done  during  the  year  was 
for  maintenance,  and  the  total  expenditures  were  $33,354.35. 

Condition  at  the  End  of  Fiscal  Year,  On  the  Sacramento  River,  the  project 
depths  of  seven  feet  up  to  Sacramento,  four  feet  up  to  Colusa,  three  feet  up  to  Chico 
Landing,  and  about  two  feet  from  Chico  Landing  to  Red  Bluff,  are  available,  and 
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on  the  Feather  River  a  depth  of  about  two  feet  is  avaihible.  These  are  the  maxi- 
mum drafts  which  may  be  carried  over  these  portions  of  the  rivers  at  low  stages  of 
the  rivers. 

At  the  end  of  the  fiscal  year  $306,672.48  had  been  expended  on  the  existing  project, 
of  which  137,212.71  w^ere  for  original  work  and  $359,459.77  for  maintenance. 

Local  Cooperation,  No  local  cooperation  was  imposed  by  law,  but  nevertheless 
it  has  been  quite  extensive.  The  state  of  California  has  done  extensive  bank  pro- 
tection work,  built  wing  dams,  made  cut-oflfs,  and  done  various  other  river  work. 
The  cities  of  Sacramento  and  Marysville  have  built  municipal  wharves  and  freight 
sheds,  and  reclamation  districts  have  dredged  much  material  from  the  river  for  levees, 
to  the  material  aid  of  navigation.  It  is  estimated  that  this  work  has  amounted  to 
approximately  $3,950,000  on  these  two  rivers. 

Proposed  Operations.     It  is  proposed  to  maintain  the  project  depths  in  the  Sac- 
ramento River  by  snagging,  building  wing  dams  at  shoals  and  by  occasional  dredging. 
The  funds,  available  June  20,  1915,  will  be  exhausted  June  30,  1916.     The  following 
estimate  is  submitted : 
Above  Sacramento: 

Operation  of  snag  boat,  six  months,  at  $3,750  per  month $22,500 

Occasional  and  irregular  dredging,  estimated  at 1,000 

Repairs  and  additions  to  wing  dams,  estimated  at 1,500 

Below  Sacramento:  $25,000 

Operations  of  snag  boat,  one  month,  at  $3,750  per  month $3,750 

Occasional  and  irregular  dredging,  estimated  at 3,000 

Building  new  wing  dams,  making  repairs  and  adding  rock  to 

existing  wing  dams,  estimated  at 12,750 

Care  of  snag  boat  while  idle,  five  months,  at  $100  per  mouth.       500 

20,000 

Construction  of  new  snag  boat,  estimated  at 60,000 

$105,000 
(An  estimate  is  submitted  for  a  new  snag  boat  because  the  old  snag  boat  is  prac- 
tically worn  out  and  obsolete.) 

Commercial  Statistics.  The  commerce  on  the  Sacramento  River  consists  mostly 
of  grain,  lumber,  fruit,  vegetables,  and  general  merchandise.  Following  is  a  com- 
parative statement  of  the  amount  and  value  of  the  commerce  for  the  Inst  throe 
calendar  years : 

COMPARATIVE  STATEMENT. 


Calendar  year  i   Shoit  tons   ,       Value 


1913  .. 

1914  .. 


477,292  I  $27,75."* .3-2.-) 
733,504  I  35,856,791 
721,090    38,211,760 


FINANCIAL   SUMMARY. 


Amount  expended  on  all  projects  to  June  30,  1915 : 

New  work $37,212  71 

Maintenance  350,450  71 

New  work  and  maintenance *740,800  21 


Total    $1,137,532  09 

Amount  expended  during  fiscal  year  ending  June  30,  1913 : 

New  work 

Maintenance    34,078  94 


'Figures  reported   last   year  decreased   80   cents,    due   to   refund   of  overpayment 
made  in  that  fiscal  year. 
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Amount  expended  during  fiscal  year  ending  June  30,  1914 : 

New  work 

Maintenance   »?41,544  92 

Amount  expended  during  fiscal  year  ending  June  30,  1915 : 

New  work 

Maintenance   33,354  35 

APPROPRIATIONS. 

(For  last  five  fiscal  years  only.) 
February  27,  1911 $25,000  00 

July          25,  1912 65,000  00 

March        4,  1913 40,000  00 

March        4,  1915 60,000  00 

July  1,  1914,  balance  unexpended *29,763  73 

Amount  allotted  from  river  and  harbor  act  approved  March  4, 1915 60,000  00 

$89,763  73 
June  30,  1915,  amount  expended  during  fiscal  year,  for  maintenance  of 

improvement    33,354  35 

July  1,  1915,  balance  unexpended $56,400  38 

July  1,  1915,  outstanding  liabilities 3,660  04 

July  1,  1915,  balance  available $52,749  34 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1917,  for  maintenance  and  improvement "$105,000  00 

IMPROVEMENT  OF  RIVERS  AND  HARBORS  IN  THE  THIRD  SAN   FRANCISCO, 

CALIFORNIA,    DISTRICT. 

This  district  embraces  the  rivers  and  waterways  within  the  area  drained  by  the  Sac- 
ramento and  San  Joaquin  rivers,  above  their  confluence  at  head  of  Suisun  Bay.  It  is 
entirely  within  the  state  of  California  and  extends  from  the  crest  of  the  Sierra 
Nevada  Mountains  on  the  east  to  the  Coast  Range  on  the  west,  and  from  the  Cascade 
Range  and  the  Oregon  boundary  on  the  north  to  the  Tehachapi  Mountains  on  the 
south. 

District  officer:  Major  S.  A.  Cheney,  Corps  of  Engineers,  until  August  7,  1914, 
and  Major  L.  H.  Rand,  Corps  of  Engineers,  since  that  date. 

Division  Engineer:  Lieutenant  Colonel  Thos.  H.  Rees,  Corps  of  Engineers. 

Improvements. 

PaA. 

1.  San  Joaquin  River,  California 1461 

2.  Stockton  and  Mormon  Channels  (diverting  canal),  California 1468 

3.  Mokelumne  River,   California   1470 

For  district  oflicer's  report  giving  additional  details  regarding  works  in  this  district, 

see  pages  3349  to  3354. 

1.    San  Joaquin  River. 

This  river  is  under  improvement  under  several  separate  projects,  the  later  of  which 
in  point  of  time  partially  overlap  the  earlier,  and  as  they  become  accomplished  will 
supplant  the  earlier  to  the  corresponding  extent.  Even,  however,  where  they  overlap, 
the  earlier  are,  pending  completion  of  cooperative  requirements  for  the  later,  the 
basis  of  work.  To  intelligibly  present  the  subject  as  a  whole  the  separate  projects 
are  carried  along  seriatim  under  the  usual  headings  with  literal  cross  references  as— 

(o)  Including  Stockton  and  Mormon  Channels,  maintenance  (nine-foot  chan- 
nel). 

(6)   Nine-foot  channel  and  cut-offs. 

(c)  Fremont  Channel  and  McLeod  Lake,  arms  of  Stockton  Harbor. 

'Kxpended  prior  to  March  3.  1899,  beforo  wbich  time  records  do  not  indicate  expen- 
ditures separable  into  new  work  or  maintenance. 
^Increased  80  cents  due  to  refund  of  overpayment. 
'Exclusive  of  the  balance  unexpended  July  1,  1915. 
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Location,  (a)  Its  several  forks  and  branches  rising  in  the  high  Sierras  unite  to 
form  the  San  Joaquin  River,  which  then  flows  southwesterly  about  148  miles  to 
Hemdon  10  miles  northwest  of  Fresno;  thence  westerly  48  miles  by  river  to  Fire- 
baogfa ;  thence  northwesterly  1G6  miles  to  mouth  of  Stockton  Channel,  2.5  miles 
west  from  Stockton ;  thence  in  same  general  direction  42.5  miles  farther  to  Suisun 
Bay,  thus  aggregating  about  400  miles  in  length.  Mormon  Channel,  a  branch  of 
(Stockton  Channel,  extends  through  southerly  part  of  Stockton.  Hills  Ferry,  87 
miles  above  Stockton  Channel,  or  129  miles  above  the  mouth  of  the  river,  is  upper 
limit  of  the  portion  of  the  river  included  in  the  project.  In  the  lower  34  miles  of 
river,  there  is  a  governing  depth  of  15  feet;  the  only  work  done  in  this  portion  has 
been  the  elimination  of  a  large  bend  by  means  of  a  cut-oflf.  The  lower  29  miles  of 
channel,  though  not  specifically  excluded  from  the  project,  is  ample  to  meet  all  needs 
of  the  navigation  without  any  improvement.  It  should  be  noted  that  between  the 
mouth  of  the  river  and  San  Francisco  Bay  the  governing  depth  of  present  used 
navigation  channel  is  about  10  feet,  although  there  is  an  unmarked  channel  having 
a  governing  depth  of  15  feet  at  mean  low  water. 

(6)  This  project  covers  San  Joaquin  River  and  Stockton  channels  from  the  mouth 
of  the  former  to  the  head  of  the  latter  at  the  city  of  Stockton,  a  distance  of  45  miles. 
These  channels  are  also  included  under  preceding  paragraph,  and  the  remarks  therein 
as  to  lower  river  conditions  apply. 

(c)  Fremont  Channel  and  McLeod  Lake,  included  in  this  project,  form  an  arm 
of  Stodtton  Channel,  branching  off  therefrom  at  a  point  about  1,500  feet  west  of 
Kl  Dorado  Street,  Stockton,  and  extend  northeasterly  about  2,000  feet,  all  of  which 
Is  included  in  the  project,  forming  an  important  part  of  the  city's  harbor.  Their 
distance  above  the  mouth  of  the  river  is  45  miles. 

Original  Condition,  (a)  The  lower  34  miles  of  channel  have  always  been  broad 
and  deep.  In  spite  of  numerous  sharp  bends,  the  15  miles  of  channel  above,  including 
Stockton  Channel,  was  navigated  at  low  water  by  boats  drawing  six  feet.  The  river 
above  Stockton,  although  obstructed  by  snags,  was  navigated  by  light  draft  steam- 
boats to  Hills  Ferry  about  half  the  year,  and  to  Firebaugh,  79  miles  higher,  for  a 
few  weeks  at  high  water.  At  annual  high-water  periods  much  silt  was  deposited  in 
Stockton  and  Mormon  channels  and  in  the  river  below.  Portions  of  the  river  flow 
were  diverted  through  side  channels. 

(6)  When  this  project  became  operative  in  1914,  the  governing  de])th  was  about 
seven  feet.  The  width  between  banks  was  in  excess  of  200  feet  at  all  except  a  few 
reaches  near  Stockton,  where  it  was  as  small  as  ir)0  to  175  feet. 

(c)  At  the  time  of  adoption  of  the  project,  the  area  iiichuled  therein  was  generally 
less  than  five  feet  deep  at  mean  low  water,  a  depth  insufficient  for  use  by  the  river 
boats.     (See  map  in  H.  Document  581,  G2d  Congress,  second  session.) 

Previous  Projects,  (a)  There  was  no  project  for  the  San  Joaquin  previous  to 
the  adoption  of  the  present  existing  project. 

(6)  There  were  two  projects  prior  to  the  present  project,  the  one  for  "Improving 
San  Joaquin  River,  including  Stockton  and  Mormon  channels,  nine-foot  eliannel, 
maintenance,*'  and  one  for  "Stockton  and  Mormon  channels  (diverting  canal),"  both 
of  which  are  still  in  force  and  reiwrted  on  herewith.  Prior  to  1914.  when  i)resent 
project  became  operative,  there  had  been  spent  on  the  tirst  proje<'t  $(V41,s;J7..*^,  and 
on  the  second  project  $245,743.41,  a  total  of  .$s87..'>S0.75.  Of  the  former  sum  about 
$60,000  was  spent  for  dredging  Mormon  Channel,  and  $20,001)  for  work  in  upper 
river,  which  are  not  included  in  the  present  project. 

(c)  There  was  no  previous  project  which  incUuh'd  the  area  under  the  present 
project 

Present  Project,  (a)  The  date  of  adoption  of  the  i>resent  project  is  taken  as 
August  14,  1876,  when  the  first  appropriation  for  imi)roving  the  San  Joaquin  Uiver 
was  made.  The  project  was  not  based  on  any  printed  document,  and  the  records 
leem  to  show  that  the  plan  of  improvement  was  not  well  defined  at  first,  but  became 
fairly  definite  about  1881.     The  objects  to  be  attained  were  as  follows : 

1.  To  improve  certain  constricted  portions  of  Stockton  Channel  an<l  of  the  San 
Joaquin  Kiver  in  the  three  miles  just  below  by  dredj^ing  to  a  mean  low-water  (h'pth  of 
nine  feet  and  a  bottom  width  of  100  feet,  all  the  river  below  being  in  excess 
of  these  dimensions. 
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2.  To  establish  and  maintain,  by  dredging,  a  channel  in  Mormon  Channel  from 
its  junction  with  Stockton  Channel  up  1.7  miles  to  Millers  Warehouse,  Center  Street, 
Stockton,  80  feet  wide  and  four  feet  deep  at  low  water. 

3.  To  reduce  the  curvature  of  the  channel  by  cutting  off  sharp  bends. 

4.  To  make  temporary  improvements  in  the  low-water  channel  of  the  "'upper 
river,"  above  Stockton  Channel  to  Hills  Ferry,  a  distance  of  87  miles.  The  improve- 
ments included  snagging,  removal  of  overhanging  trees  and  construction  of  brush 
wing  dams,  and  were  intended  to  facilitate  light-draft  steamboat  navigation  during 
the  high  and  mean  stages  of  water,  it  being  considered  impracticable  to  maintain  a 
navigable  channel  during  low  water. 

5.  It  was  additionally  provided  (river  and  harbor  act  of  August  11,  1888)  to 
partially  close  the  side  channels.  Laird's  Slough  and  Paradise  Cut,  by  weirs,  and 
thereby  confine  their  low-water  flow  to  one  main  channel. 

Tidal  influence  at  low  water  extends  about  65  miles  above  the  mouth  of  the  river; 
its  mean  range  at  the  mouth  is  about  six  feet,  and  at  Stockton  about  three  feet 

Since  1898  the  operations  under  this  project  hav4  been  restricted  to  maintenance 
of  the  river  and  of  Stockton  and  Mormon  channels  below  Stockton.  There  is  no 
estimate  of  available  record  for  annual  maintenance. 

(&)  The  present  project,  adopted  June  25,  1910  (H.  Document  1124,  GOth  Con- 
gress, second  session),  has  for  its  objects: 

1.  To  improve  Stockton  Channel  and  the  San  Joaquin  River  by  dredging  deficient 
portions  to  a  mean  low-water  depth  of  nine  feet  and  to  a  bottom  width  of  200  feet, 
all  such  deficient  sections  being  within  Stockton  Channel  and  the  first  few  miles  of 
river  below. 

2.  To  make  two  cut-offs  designated  "B"  and  "C." 

The  approved  estimate  of  cost  of  the  improvement  is  $199,632,  and  of  maintenance 
$25,000,  annually. 

The  length  of  the  San  Joaquin  River  included  in  the  project  is  42.5  miles,  and  of 
Stockton  Channel  2.5  miles. 

(c)  The  present  project  was  adopted  July  25,  1912,  in  accordance  with  House 
Document  No.  581,  Sixty-second  Congress,  second  session.     Its  objects  are: 

1.  To  establish,  by  dredging,  a  depth  of  nine  feet  at  mean  low  water  over  area 
included,  and 
I.  To  maintain  the  same. 

The  estimated  cost  of  "1"  was  $11,000  and  of  "2"  was  $500  annually. 

Operatxom  and  Resulta  Prior  to  Fiscal  Year,  (a)  The  exi)enditures  have  resulted 
in  improved  channels  that  have  fairly  met  the  needs  of  commerce.  Cost  of  new  work 
and  of  maintenance  were  not  kept  separate  prior  to  1898,  up  to  which  time  the  total 
expenditure  for  new  work  and  for  maintenance  had  been  $384,424.58 ;  since  then  all 
expenditures  have  been  for  maintenance,  and  have  amounted  to  $257,412.26,  making 
a  total  expenditure  prior  to  fiscal  year  since  original  adoption  of  project,  $641,836.84. 
(Reduction  of  50  cents  from  figures  of  1914  report  due  to  refund  of  overpayment 
made  in  that  fiscal  year.) 

(b)  There  were  no  operations  and  no  expenditures  prior  to  the  fiscal  year,  as 
proviso  of  act  adopting  project,  which  required  that  no  part  of  the  funds  be  expended 
until  titles  to  right  of  way  required  be  first  conveyed  free  of  cost  to  the  United 
States,  was  not  complied  with  until  July  8,  1914. 

(c)  The  original  dredging  was  completed  in  March,  1914,  at  a  cost  of  $11,000, 
resulting  in  the  approved  depth  over  the  entire  area.  There  had  been  no  mainte- 
nance operations  prior  to  fiscal  year. 

(a),  (6)  and  (c).  Total  expenditures  for  new  work  since  1898*  are  $11,000 
and  for  maintenance  $257,412.26.  Total  expenditures  for  new  work  and  for  main- 
tenance since  adoption  of  original  project  are  $652,836.84. 

Operations  and  Results  During  Fiscal  Year,  (a)  Contract  was  entered  into  for 
dredging  shoals  in  the  lower  portion  of  Stockton  Channel  and  in  the  San  Joaquin 
River  just  below.  Under  this  contract  a  total  of  144,735  cubic  yards  was  removed 
and  pumped  ashore.  The  total  expenditure  has  been  $17,331.69,  all  of  which  was 
for  maintenance. 

(b)  The  cut-off  **C"  was  about  nine-tenths  completed  during  fiscal  year.  The 
work  was  done  by  a  leased  clam-shell  dredging  plant.  Final  payment  therefor  has 
not  been  made.  The  total  amount  expended  during  the  fiscal  year  was  $20,411.02, 
all  of  which  was  for  new  work. 


HYDR0EC0N0MIC8 — CHIEF   ENGINEER'S   REPORT.  83 

(c)     There  have  been  no  operations  during  fiscal  year,  as  none  was  necessary. 

The  total  expenditures  during  the  fiscal  year  on  all  three  subdivisions,  (a),  (&), 
and  (c),  was  $37,742.71,  of  which  $17,331.69  was  for  maintenance  and  $20,411.02 
for  new  work. 

Conditions  at  the  End  of  Fiscal  Year,  (a)  On  June  30,  1015,  there  exists  the 
fall  project  width  of  80  feet  and  mean  low  water  depth  of  four  feet  in  Mormon 
Channel,  the  project  width  of  100  feet  and  mean  low  water  depth  of  nine  feet  in 
San  Joaquin  River  and  Stockton  Channel  from  the  mouth  of  the  former  to  the 
head  of  the  latter  in  city  of  Stockton,  except  at  a  few  crossings,  where  the  governing 
depth  is  about  seven  feet.  This  depth  meets  requirements  of  all  boats  now  in  use 
in  the  river.  There  is  no  complete  estimate  of  available  record,  so  that  no  definite 
percentage  of  completion  can  be  stated.  At  the  end  of  the  fiscal  year  the  total 
expenditures  since  1898*  have  been  for  new  work  nil  and  for  maintenance  $274,743.95, 
cr  a  total  expenditure  since  original  adoption  of  the  project  of  $659,168.53. 

(6)  The  project  is  10  per  cent  completed  and  the  total  expenditures  thereunder 
to  end  of  fiscal  year  are  $20,411.02,  all  of  which  were  for  new  work. 

The  cut-off  "C"  is  now  used  by  all  the  San  Joaquin  River  traffic.  It  has  the 
effect  of  shortening  the  distance  for  boats  between  Stockton  and  points  below, 
including  San  Francisco,  by  about  0.31  mile,  of  eliminating  a  bend  in  the  river  and 
also  of  facilitating  the  flow  of  tides,  consequently  increasing  their  scour,  depended 
upon  to  maintain  the  channel. 

(e)  No  survey  of  the  area  has  been  made  recently,  but  it  is  believed  that  there 
exists  the  approved  depth  of  nine  feet  at  mean  low  water  over  the  whole  area.  The 
dredged  area  constitutes  a  much  needed  addition  to  the  harbor  of  Stockton.  The 
total  expenditures  on  this  project  to  end  of  fiscal  year  were  $11,000,  all  for  new  work. 

(•)r  W$  and  (c).  Since  1898*  the  total  expenditures  to  end  of  fiscal  year  have 
beoi  for  new  work  $31,411.02,  and  for  maintenance  $274,743.95,  and  a  total  for  both 
new  work  and  maintenance  since  adoption  of  original  project,  $690,579.55. 

Local  Cooperation,  (a)  It  was  required  (river  and  harbor  act,  July  13,  1S92) 
that  right  of  way  for  two  cut-offs  be  furnished  to  the  United  States  free  of  cost 
before  any  part  of  the  appropriation  should  be  expended.  This  proviso  was  com- 
plied with  and  the  cut-offs  made  the  year  following.  The  following  work  was  done 
volontarily  by  others  than  the  government: 

Right  of  way  for  Head  Reach  Gut-off,  made  in  1891,  was  furnished  by  private 
mterests. 

Three  cut-offs  were  made  by  state  of  California  (see  Annual  Report  for  1900, 
pt  4,  p.  4224). 

The  city  of  Stockton  formerly  maintained  a  dredge  that  was  used  near  the  city 
(see  Annual  Report  for  1882,  pt  3,  p.  2537),  and  has  built  extensive  concrete  bulk- 
heads and  wharves  at  Stockton. 

In  March,  1910,  San  Joaquin  County  completed  the  dredging  of  a  shoal  in  "The 
Narrows,*'  available  government  funds  having  become  exhausted. 

The  dam  at  Paradise  Cut  is  at  present,  and  for  several  years  past  has  been, 
maintained  by  local  interests  for  purpose  of  correcting  flood  conditions. 

From  1908  to  1912,  before  completion  of  the  Stockton  and  Mormon  channels 
direrting  canal,  the  city  of  Stockton  obtained  use  of  the  "Boggs  Tract"  by  lease 
and  diverted  the  flow  of  Mormon  Slough  over  it,  thereby  preventing  large  deposits 
of  silt  in  the  navigable  waters  below. 

At  present  there  are  no  cooperative  requirements  that  have  not  been  met. 

(6)  In  compliance  with  act  adopting  project,  rights  of  way  for  cut-offs  *'B"  and 
**C*'  were  conveyed  free  of  cost  to  the  United  States  and  proceedings  are  under  way 
to  procure  the  additional  lands  necessary  for  widening  the  river. 

(c)  It  was  required  in  act  adopting  the  project  for  improvement  (p.  9,  H. 
Document  No.  581,  62d  Congress,  second  session),  that  local  interests  furnish  satis- 
factory evidence  to  Secretary  of  War  that  adequate  bulkheads  and  terminals  be 
provided  free  of  cost  to  the  United  States.  A  statement  of  status  of  compliance 
with  this  provision  was  approved  by  the  Secretary  of  War,  September  11,  1912. 


*8ee  Operations  and  results  prior  to  fiscal  year  (a). 
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Effvcf  of  Improvement.  The  increased  facilities  have  met  the  needs  of  commerce 
and  made  possible  uninterrupted  schedules  for  water  transportation,  which  have 
undoubtedly  largely  decreased  transportation  costs. 

Proposed  Operations,  (a)  The  funds  estimated  will  be  used  in  supplementing 
those  now  available  for  the  necessary  dredging  and  snagging  operations.  It  is 
probable  that  the  balance  available  will  be  expended  by  January  1,  1917. 

(&)  Funds  in  hand  are  adequate  to  meet  all  probable  expenditure  necessary  prior 
to  June  30,  1917. 

(c)  With  the  funds  recommended  as  a  profitable  expenditure  it  is  proposed  to 
dredge  shoals  when  they  shall  have  formed. 

The  balance  available,  $500,  is  inadequate  to  justify  an  operation,  and  can  not 
be  expended  advantageously  unless  supplemented  with  additional  funds,  in  which 
case  it  will  probably  be  expended  by  June  30,  1917. 

Commercial  Statistics.  The  commerce  for  the  calendar  year  1914  amounted  to 
772,15G  short  tons,  valued  at  $35,479,741,  and  consisted  principally  of  grain,  potatoes, 
onions,  beans,  and  general  merchandise. 

COMPARATIVE  STATEMENT. 


Calendar  year 


1912 
3913 
1914 


Short  tons 


Value 


682,591 
880.399 
772,166 


88.841,174 
86,479,711  • 


FINANCIAL  SUMMARY. 

San  Joaquin  Riveb,   Including   Stockton  and  Mobkon   Channels    (mainte- 
nance)  AND  Fremont  Channel  and  M'Leod  Lake. 

Amount  expended  on  all  projects  to  June  30,  1915: 

New    work    $11,000  00 

Maintenance   659,16S  53 

Total $670,168  53 

Amount  expended  during  fiscal  year  ending  June  30,  1913 3,327  39 

New    work    175  00 

Maintenance    3,152  39 

Amount  expended  during  fiscal  year  ending  June  30,  1914 35,118  85 

New  work  __ . 10,825  00 

Maintenance    '24,293  85 

Amount  expended  during  fiscal  year  ending  June  30,  1915 17,331  60 

New    work 

Maintenance   17,331  69. 

Reduction  of  50  cents*  from  figures  of  1914  report,  due  to  refund  of  overpayment 
made  in  that  fiscal  year. 

APPROPRIATIONS. 

(For  last  five  fiscal  years  only.) 

Feb.  27,  1911 $25,000  00 

July  2o,  1912 51,000  00 

Mar.     3,  1913 25,500  00 

July  1.  1914,  balance  unexpended '$58,344  41 

June   30,    1915,   amount  exi)ended   during   fiscal   year  for  maintenance 

of  improvement   17,331  69 

July  1,  1915,  balance  unexpended $41,012  72 

July  1,  1915,  outstanding  liabilities 272  50 

July  1,  1915,  balance  available $40,740  22 

•Increased  by  50  cents  due  to  refund  of  overpayment. 
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Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1917,  for  maintenance  of  improvement ^$11,000  00 

SAN   JOAQUIN    RIVER    (NINE-FOOT    CHANNEL    AND    CUT-OFF). 

Amount  expended  on  all  projects  to  June  30,  1915 : 

New  work $20,411  02 

Maintenance 

Amount  expended  during  fiscal  year  ending  June  30: 

1913  1914  1915 

New  work _  $20,411  02 

Maintenance   

APPROPRIATIONS. 

(For  last  five  fiscal  years  only.) 
March  4.  1913  $159,632  00 

July  1,  1914,  balance  unexpended $199,(532  00 

Deduction  on  account  of  transfer  under  river  and  harbor  act  approved 

March  4,  1915 30,000  00 

$169,632  00 
Jane  30,  1915,  amount  expended  during  fiscal  year  for  works  of  improve- 
ment   ■ 20,411  02 

June  1,  1915,  balance  unexpended $149,220  98 

July  1,  1915,  outstending  liabilities 2,090  33 

July  1,  1915,  balance  available $147,130  65 

Amount  (estimated)  required  to  be  appropriated  for  completion  of  exist- 

ing  project  ^$30,000  00 

CONSOLIDATED. 

Amount  expended  on  all  projects  to  June  30,  1915: 

New  work $31,411  02 

Maintenance   659,168  53 

Total    $600,579  55 

Amount  expended  during  fiscal  year  ending  June  30 : 

1913  1914  1915 

New  work   •_     $175  00  $10,825  00        $20,411  02 

Maintenance 3,1.52  39  »24,293  85  17;iai  69 

Totals $3,327  39  $35,118  S5         $37,742  71 

APPROPRIATIONS. 

(For  last  five  fiscal  years  only.) 

Feb.  27,  1911 $25,000  00 

July  25,  1912 51,000  00 

Mar.   4,    1913 185,132  00 

July  1,  1914,  balance  unexpended '$257,976  41 

Deduction  on  account  of  transfer  under  river  and  harbor  act  approved 

March  4,  1015 30,000  00 

$227,976  41 

'Exclusive  of  the  balance  unexpended  July  1.  11)15. 

'Reduction  of  60  cents  from  figures  of  1914  report,  due  to  refund  of  overpayment 
ntade  In  that  fiscal  year. 

'Increased  by  50  cents  due  to  refund  of  overpayment. 
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Jane  30,  1915,  amount  expended  during:  fiscal  year: 

For  works  of  improvement $20,411  02 

For  maintenance  of  improvement 17,331  69  37,742  71 

July  1,  1915,  balance  unexpended $190^233  70 

July  1,  1915,  outstanding  liabilities 2,362  83 

July  1,  1915,  balance  available $187,370  87 

Amount    (estimated)    required   to  be   appropriated   for  completion    of 

existing  project '$30,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1917,  for  maintenance  of  improvement , '$11,000  00 

2.     Stockton  and   Mormon  Channels  (Diverting  Canal). 

Location.  The  Calaveras  River  separates  at  Bellota,  14  miles  east  and  six  miles 
north  of  Stockton.  The  north  channel,  still  called  Calaveras  River,  flows  thence 
westerly  two  miles  north  of  Stockton  and  empties  into  the  San  Joaquin  River 
two  and  one-tenth  miles  below  the  mouth  of  Stockton  Channel.  The  south  channel* 
Mormon  Slough,  flowed  through  *the  southern  part  of  Stockton  to  Stockton  Channel. 
The  length  of  Stockton  Channel  is  two  and  five-tenths  miles  and  of  Mormon  Channel 
one  and  seven- tenths  miles,  a  total  length  of  four  and  two-tenths  miles.  They  extend 
from  42.5  to  45  miles  above  the  mouth  of  the  riVer.  The  extent  and  location  of 
works  for  improving  these  channels  is  given  under  "Present  Project"  below. 

Original  Condition.  The  north  branch  of  the  Calaveras  River,  which  formerly 
carried  most  of  the  discharge  of  the  stream,  had  become  checked  with  silt  in  recent 
years  and  Mormon  Slough  had  become  the  principal  branch.  During  annual  freshets 
there  were  deposited  large  quantities  of  silt  in  the  quiet  waters  of  Morm<m  and 
Stockton  channels.  This  necessitated  extensive  dredging,  which  constituted  nearly 
two- thirds  of  all  the  work  done  under  the  project — (a)  under  San  Joaquin  River. 
The  cost  was  increasing,  due  to  increasing  height  of  levees  and  increasing  valne  of 
land  upon  which  to  deposit  material  dredged. 

Previous  Projects.  There  was  no  project  prior  to  the  present  one  for  diverting 
the  flow  of  Mormon  Slough.  See  the  project  "For  improving  San  Joaquin  River, 
nine-foot  channel,  maintenance,"  page  1461. 

Present  Project.  The  object  of  the  present  project  is  to  divert  the  waters  <rf 
Mormon  Slough  by  means  of  the  works  set  forth  below  and  thereby  prevent  their 
load  of  debris  from  being  deposited  in  Stockton  and  Mormon  channels.  This  project 
includes  the  construction  of  a  dam  three  miles  east  of  Stockton  across  Mormon 
Slough,  a  canal  leading  thence  northwesterly  four  and  sixty-three  one-hundredths 
miles  to  north  branch  of  Calaveras  River,  and  the  enlargement  of  cross-section  of 
the  latter  for  a  distance  of  five  miles  to  its  mouth,  at  San  Joaquin  River.  The 
project  also  includes  construction  of  certain  bridges  over  canal.  This  project  was 
adopted  by  river  and  harbor  act  of  June  13,  1902.  It  provided  that  the  work  be  done 
in  accordance  with  report  thereon.  (H.  Document  No.  152,  55th  CiMigress,  third 
session.)  The  final  approved  estimate  for  the  work  is  $280,395.  No  estimate  for 
annual  cost  of  maintenance  was  made.  The  first  (and  only)  appropriation  for  that 
purpose  was  made  March  4,  1913,  in  lump  sum  for  this  and  two  other  projects.  It 
was  anticipated  that  the  maintenance  would  consist  of  repairs  to  the  dam  or  levee 
and  in  clearing  the  canal  of  undergrowth. 

Operations  and  Results  Prior  to  Fiscal  Year.  The  works  as  originally  specified 
were  about  85  per  cent  completed,  at  a  total  expenditure  of  $242,119.52  for  new 
work  and  $4,048.89  for  maintenance,  or  an  aggregate  of  $246,168.41.  The  expend!* 
tures  resulted  in  the  construction  of  the  works  as  originally  specified,  except  that  the 
amount  of  channel  excavation  was  about  IT  per  cent  less  than  specified.  From  the 
appropriations  for  improvement  there  was  exi>ended  for  maintenance,  including 
repairs  to  bridges  nnd  cutting  of  thistles  along  the  canal,  $3,623.89,  most  of  which 
was  spent  prior  to  June  30,  1911.     From  the  $1,000  appropriated  for  maintenance 

^Exclusive  of  the  balance  unexpended  July  1,  1915. 
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$425  had  been  expended  prior  to  fiscal  year  for  exterminating  squirrels,  destroying 
thistles^  and  for  administrative  work. 

Operations  and  Results  During  Fiscal  Year.  The  sum  of  $334.26  was  spent 
daring  the  year  for  maintenance,  |59.26  from  original  improvement  appropriations, 
and  $275  from  maintenance  appropriation,  of  which  $84.26  was  expended  for 
administration  and  $250  by  oral  agreement  for  a  particular  piece  of  work,  which 
resulted  in  keeping  down  undergrowth  along  the  canal. 

Condition  at  End  of  Fiscal  Year..  The  project  work  is  about  85  per  cent  completed, 
though  considerable  deterioration  has  taken  place  since  completion  of  excavation,  due 
to  formation  of  deposits  in  the  canal  bed.  The  work  for  the  time  being  prevents 
formation  of  most  of  the  silt  dei>osits  in  Stockton  and  Mormon  channels,  thereby 
saving  expensive  annual  dredging.  It  is  believed  that  there  exist  the  mean  low 
water  governing  depths  of  about  eight  feet  in  Stockton  Channel  and  in  excess  of 
four  feet  in  Mormon  Channel.  The  total  expenditures  to  end  of  fiscal  year  amount 
to  $246,502.67,  of  which  $242,119.52  was  for  improvement  and  $4,383.15  was  for 
maintenance. 

Local  Cooperation.  It  was  required  that  right  of  way  for  canal  be  furnished  the 
United  States  free  of  cost,  either  by  city  of  Stockton  or  state  of  California.  This 
was  done  by  them  jointly.  Certain  work  has  been  done  by  city  of  Stockton  or 
San  Joaquin  County,  or  both,  in  maintaining  bridges  across  the  canal. 

Effect  of  Improvement.  The  results  expected,  in  diverting  the  flow  of  Mormon 
Slough,  have,  to  a  great  extent,  been  realized,  although  during  flood  periods  some  of 
the  water  overflows  the  south  bank  above  the  dam  and  discharges  into  Mormon  and 
Stockton  channels,  thereby  causing  deposits. 

Proposed  Operations.  With  the  funds  estimated  and  those  on  hand,  it  is  proposed 
to  remove  deposits  and  keep  down  undergrowth  in  the  channel  sections  so  far  as 
the  same  may  seem  advisable.  The  available  funds  will  probably  be  expended  by 
Jane  30,  1916. 

Commercial  Statistics.     See  report  on  San  Joaquin  River,  Cal.,  page  1466. 

FINANCIAL  SUMMARY. 

Amount  expended  on  all  projects  to  June  30,  1915 : 

New  work . $242,119  52 

Maintenance    4,383  15 

Total    $246,502  67 

Amount  expended  during  fiscal  year  ending  June  30,  1913: 

New  work 

Maintenance   1,255  06 

Amonnt  expended  during  fiscal  year  ending  June  30,  1914: 

New  work 

Maintenance    425  00 

Amount  exx>ended  during  fiscal  year  ending  June  30,  1915 : 

New  work — 

Maintenance 334  26 

APPROPRIATIONS. 

(For  last  five  fiscal  years  only.) 
March  4,   1913 '$1,000  00 

July  1,  1914,  balance  unexpended $35,234  92 

June  30,  1915,  amount  expended  during  fiscal  year  for  maintenance  of 

Improvement 334  26 

July  1,  1915,  balance  unexpended $34,900  66 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Juno  ;?0, 

1917,  for  maintenance  of  Improvement =$10,000  00 


'Appropriated  for   "Improving   San  Joaquin   River,   California,"   and   allotted   for 
maintenance  work. 
^Exclusive  of  balance  unexpended  July  1,  1915. 
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3.     Mokelumne  River. 

Location.  The  Mokelumne  River  rises  near  the  crest  of  the  Sierra  Nevadas  and 
flows  southwesterly  119  miles  to  the  town  of  Woodbridge;  thence  northerly  about 
nine  miles  to  the  Gait-New  Hope  bridge;  thence  northwesterly,  westerly,  and  south- 
erly eight  miles  by  river  to  New  Hope  Landing,  where  it  separates,  afterwards 
reuniting  below  in  a  southerly  direction  nine  miles  via  North  Fork  and  14  miles 
via  South  Fork  (forming  Staten  Island).  The  river  then  flows  southerly  four  miles 
and  empties  into  the  San  Joaquin  20  miles  above  the  mouth  of  the  latter  at  Suisun 
Bay,  a  total  distance  of  140  miles  via  North  Fork  or  145  miles  via  South  Foric. 
(See  U.  S.  Geological  Survey  topographic  map,  Sacramento  Valley  scale  1/250,000.) 
The  river  lies  generally  about  midway  between  the  cities  of  Sacramento  and  Stockton. 

Original  Conditions.  In  the  lower  portion  of  their  courses  the  two  channels  are 
tidal  estuaries,  tidal  action  extending  to  a  little  above  the  Gait-New  Hope  bridge, 
the  head  of  navigation.  All  the  North  Fork  was  reported  to  be  in  good  navigable 
condition,  but  the  South  Fork  was  obstructed  by  snags  and  overhanging  trees  in 
the  1^  miles  just  below  New  Hope  Landing.  There  were  also  many  snags  and 
overhanging  trees  in  portion  of  rivers  between  New  Hope  Landing  and  Galt-New^ 
Hope  bridge.  A  bar  was  also  reported  extending  across  the  river  at  mouth  of 
Cosumnes  River.  Exact  widths  and  depths  prevailing  originally  are  not  given. 
(Annual  Report  for  1882,  pt.  3,  pp.  2638  and  2639.) 

Previous  Projects.     None. 

Present  Projects.  The  present  project  was  adopted  July  5,  1884.  It  has  for  its 
object  to  maintain  a  channel  suitable  to  the  needs  of  navigation  by  means  of  removal 
of  snags  and  obstructions  and  occasional  dredging  of  shoals.  The  mean  low-water 
depths  at  present  contemplated  (considered  sufficient  for  needs  of  navigation)  are 
as  follows: 


Location  Deiith  MQes 


9 

4 

9 

8 

6 

1 

9 

14 

8 

8 

Mouth  of  river  to  lower  juDction  North  and  South  Pork__ _._ 

Lower  Junction  North  and  South  forks  to  Snodgrass  Slough  via  North 

Fork __. _ - 

SnodRrass  Slough  to  upper  junction  North  and  South  forks 

Lower  junction  North  and  South  forks  to  upper  Junction  of  same  at  New 

Hope  Landing  via  South  Fork _ 

New  Hope  Landing  to  Gait-New  Hope  bridge 


These  depths  in  general  prevail,  but  there  is  shoaling  at  New  Hope  Landing.  The 
mean  daily  range  of  tide  at  low  river  stages  is  about  three  feet.  Maximum  flood 
stage  at  Gait-New  Hope  bridge  is  about  17  feet  above  low  water,  with  annual 
variation  of  about  12  feet 

The  first  estimate  made  in  1882  of  $8,250,  which  formed  a  basis  for  the  project, 
WAS  for  clearing  the  river  of  all  obstructions  and  improvement  of  shoals  near  mouth 
of  Cosumnes  River.  There  is  no  estimate  for  annual  maintenance  of  available 
record. 

Operations  and  Results  Prior  to  Fiscal  Year.  The  work  done  has  consisted  largely 
of  removing  suajfs  and  overhanging  trees  and  of  dredging  shoals.  Of  total  appropria- 
tions of  $31,000,  $29,902.05  was  expended  previous  to  current  fiscal  year,  $21,402.05 
of  which  was  for  maintenance  and  $8,500  for  new  work.  The  needs  of  navigation 
have  been  fairly  met. 

Operations  and  Rrsults  During  the  Fiftcal  Year.  No  work  has  been  done  on  the 
Mokelumne  River  during  the  current  fiscal  year,  none  being  required.  Of  the 
money  expended  during  current  year,  $243.20,  $200  was  for  administrative  work 
and  $43.20  was  to  cover  outstanding  liabilities  from  preceding  year. 

Conditions  at  the  End  of  Fiscal  Year.  No  survey  has  been  made  since  the  recent 
hi.i^h  water,  but  it  is  bcliovod  that  at  end  of  fiscal  year  there  exist  the  governing 
dcptiis  tai)ulat«'d  abovo  under  "IMvscnt  Proj^M-t,"  r^'HTenfe  to  which  is  made  to 
avoid  extensive  rnpotition  here.  The  channel  is  believed  to  be  free  of  obsti'uctions 
tc  the  head  of  navigation.     Total  expenditures  to  end  of  fiscal  year  are  $30,145.25. 
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Local  Cooperaiion.    There  are  no  local  cooperative  requirementB  of  current  interest. 

Effect  of  Improvement.  The  improvements  have  made  possible  regular  scheduled 
steamboat  operation  to  the  Gait-New  Hope  bridge.  The  effect  upon  transportation 
costs  could  be  stated  only  after  such  extended  investigation  as  is  impracticable,  but 
is  presumably  one  of  reduction. 

Propoied  Operations.  It  is  proposed  to  expend  the  funds  for  which  estimate  is 
submitted  for  continuing  miscellaneous  maintenance  operations  as  need  arises,  to 
meet  needs  of  navigation,  including  dredging,  removal  of  snags,  construction  of 
temporaiy  wing  dams,  etc.  The  available  funds  will  probably  be  expended  by 
March  1,  1916. 

Commercial  Statistics.  The  commerce  for  the  calendar  year  1914  amounted  to 
69,783  short  tons,  valued  at  $3,045,870,  and  consisted  principally  of  barley,  beans, 
potatoes,  vegetables,  sheep,  canned  goods,  and  general  merchandise. 


COMPARATIVE  STATEMENT. 

Short  tons 

Valuatloa 

1912 _ 

■ 

60,^148 
»>,585 
e9.783 

f2,8S8,7M 
5,079,033 
8,045,870 

1913 _ _ 

UH _ _ _ 

FINANCIAL    SUMMARY. 

Amount  expended  on  all  projects  to  June  30,  1915 : 

New  work $21,402  05 

Maintenance   8,743  20 


Total    130,145  25 

Amount  expended  during  fiscal  year  ending  June  30,  1913 : 

New  work 

Maintenance   710  00 

Amount  expended  during  fiscal  year  ending  June  30,  1914 : 

New  work 

Maintenance   232  40 

Amount  expended  during  fiscal  year  ending  .June  30,  1915 : 

New  work , 

Maintenance    243  20 

APPROPRIATIONS. 

(For  last  five  fiscal  years  only.) 

February   27,    1911 $5,000  00 

March  4,  1913 1,000  00 


July  1,  1914,  balance  unexpended $1,097  95 

June  30,  1915,  amount  expended  during  fiscal  year,  for  maintenance  of 

improvement    243  20 


July  1,  191.5,  balance  unexpended .$854  75 


Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1917,  for  maintenance  of  improvement '$2,500  00 


EXAMINATIONS   AND  SURVEYS    MADE    IN    COMPLIANCE    WITH    THE    RIVER 
AND    HARBOR   ACTS  OF    FEBRUARY   27,    1911,   AND    MARCH   4,    1913. 

Reports  on  preliminary  examinations  and  aur\'eys  required  by  the  river  and  harbor 
acts  of  February  27,  1911,  and  March  4,  1913,  of  the  following  localities  within  this 
dtftrict  were  duly  submitted  by  the  district  oflRcer.  They  were  reviewed  by  the 
Board  of  Engineers  for  Rivere  and  Harbors  pursuant  to  law,  and  were  transmitted 
to  congress  and  printed  in  documents  as  indicated : 


'Exclusive  of  the  balance  unexpended  July  1,  1915. 
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1.  Preliminary  examination  and  survey  of  MokcUim^ne  River,  Cal.,  toiih  a  vieio  to 
its  improvement  from  the  Oalt-New  Hope  bridge  to  a  point  at  or  necr  Woodhridge. 
Reports  dated  October  1(5,  11)11,  and  April  2,  1914,  with  maps,  are  printed  in 
House  Document  No.  ll(M),  Sixty-third  Congress,  second  session.  The  improvement 
of  the  locality  by  the  United  States  in  the  manner  proposed  is  not  deemed  advisable 
at  the  present  time. 

2.  Preliminary  examination  and  plan  and  estimate  of  cost  of  improvement  of 
Feather  River,  Cal.^  from  its  mouth  to  Marysvillc,  with  a  view  to  di^cpening  and 
straightening  the  ehannel  and  to  determining  what  other  improvetnrnts  are  necessafy 
in  the  interests  of  navigation,  consideration  being  given  to  any  proposition  for 
cooperation  on  the  part  of  state  or  other  local  interests.  Reports  dated  October  16 
and  December  29,  1913,  are  printed  in  House  Document  No.  14(J0,  Sixty-third 
Congress,  third  session.  The  improvement  of  the  locality*  by  the  United  States  in 
the  manner  proposed  is  not  doomed  advisable  at  the  present  time,  except  in  so  far 
as  already  authorized. 

The   local  officer  was  also  charged  with  the  duty  of  making  other  preliminary 

examinations  and  surveys  provided  for  by  the  river  and  harbor  acts  of  February  27. 

1911,  and  March  4,  1915,  as  follows,  and  reports  thereon  will  be  duly  submitted 

when  received : 

1.  San  Joaquin  River,  Cat.,  with  a  view  to  its  improvement  up  to  a  point  at  or 
near  Herndon  by  means  of  locks  and  dams  or  otherwise. 

2.  Sacramento  River,  Cat.,  from  Chico  Landing  to  Red  Bluff. 


REPORT  OF  SACRAMENTO-FEATHER  RIVERS  BOARD. 

IMPROVEMENTS. 


Page 


1.     Sacramento  and  Feather  Rivers,  Cal.   (general  improvement) 334r) 

For  description  of  improvements  under  this  board,  see  pages  1457  to  1461. 

1.     Sacramento  and   Feather   Rivers,   Cal. 

Removal  of  Obstructions.  The  Sacramento  River  was  cleared  of  snags,  logs, 
stumps,  and  overhanging  trees  from  its  mouth  to  Chico  Landing  (201  miles).  These 
operations  were  carried  on  by  the  snag  boat  Seizer  with  a  crew  of  about  32  men. 
The  following  is  a  detailed  statement  of  the  obstructions  removed  in  the  different 
portions  of  the  river  by  the  snag  boat  and  crew  during  the  year; 


Sections  of  river 


Distance. 

uiUca 


Logs,  tree^. 

stumpH  and 

snags  blasted 

or  removed 

from  rlrer 

channel 


OverhanglnB 

tree^  nnd 

stumps 

cut  from 

banks 


DUTii 
operated 


Mouth  of  river  to  Sacramento. 

Sacramento  to  Colusa.— 

Colusa  to  Ctiico  Landing 

Totals _ 


60 

90 
51 


43 

878 
1,472 


15 
iff! 


5 

81 
120 


201 


1,888 


401 


156 


The  total  field  cost  of  removing  those  obstructions  was  $17,561.69. 

Wing  Dams.  Three  new  wing  dams  were  built  on  the  Sacramento  River;  one. 
of  a  purely  temporary  nature,  204  feet  long,  w^as  built  about  a  mile  below  Chico 
Landing  by  the  crew  of  the  snag  boat  Srizer,  at  a  cost  of  .$1,525.50;  two  more  of  a 
more  permanent  nature  wore  built  just  below  Sacramento,  one  at  Sacramento  Bend, 
and  one  at  Morkoloys.  Thoso  latter  wore  built  by  hired  labor,  with  government 
plant,  at  a  cost  of  .^^2,100.     Thoy  wore  IHO  and  20O  feet  long,  respectively. 

One  wing  dam,  1(>5  foot  long,  was  built  in  tho  Foather  River  just  above  its  mouth. 
This  wing  flam,  howovor.  wns  bnilt  to  aid  naviiration  in  the  Sacramento  River  by 
divorling  tlie  wat«'rs  of  tlir  Fcsttlu'r  Rivor  to  .s:ivo  a  hot  tor  channel  at  th?  confluence 
of  tlio  two  rivors.  This  wiiiir  dam  was  also  builL  by  hired  labor,  with  government 
plant,  and  at  a  cost  of  }f1,or»0.  Sovontoon  wing  dams  botwoon  the  mouth  of  tlie 
Feather  Rivor  and  Frooport  wore  ropairod  at  a  cost  of  $4.181.SS. 
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Dredging.  Dredging  of  shoals  was  resorted  to  in  two  places  on  the  Sacramento 
River  at  Sacramento  Bend  below  Sacramento  and  opposite  Knox's  lumber  wharf, 
a  channel  125  feet  wide  and  600  feet  long  was  dredged  to  a  depth  of  nine  feet,  at  a 
cost  of  $519^7.  The  dredging  was  done  by  a  dredge  hired  at  the  rate  of  $135  per 
day  of  22  hours. 

Bank  Protection  Work,  A  bank  protective  group  of  piling  about  1,000  feet  long, 
containing  170  piles,  was  driven  at  Collins  Eddy,  Sacramento  River.  This  work 
was  done  by  hired  labor,  with  government  plant,  and  at  a  cost  of  $2,144.44. 

Surveys,  Surveys  of  various  shoals  in  Sacramento  River  were  made  during  July 
and  August,  while  the  river  was  approaching  the  low-water  stage.  These  surveys 
were  made  to  locate  accurately  the  shoals,  their  extent,  and  to  determine  in  ample 
time  whether  wing  dams  or  dredging  would  be  necessary  to  maintain  the  project 
depths.  In  some  cases  surveys  were  made  to  determine  the  effect  of  the  wing  dams 
put  i^  during  the  previous  year.  In  this  way  portions  of  the  river  were  covered  by 
surveys  made  at  the  mouth  of  the  Feather  River,  at  Russian  Grossing,  at  Merkeley*s 
Landing,  from  the  mouth  of  the  American  to  Freeport  and  at  Ida  Island.  The  cost 
of  these  surveys  and  the  platting  was  $952.01. 

APPROPRIATIONS. 

Ftevlous  projects,  acts  of  Mar.  3, 1875,  to  Aug.  18, 1894,  inclusive  (see  House  Document 

No.  4ZI,  67th  Congress,  second  session,  p.  237) $760,000  00 

Present  project,  act  of~ 

Mar.    8,  1899 $80,000  00 

June   «,  1900 80,000  00 

June  13,  190B - - 25,000  00 

April  28,  1904  (allotted  May  28  and  31,  1904) 22,000  00 

Mar.    2,  1907    - -— 50.000  00 

Mar.    8,  1909  (allotted  April  9,  1909) _ _ 25,000  00 

June  26*  1910 80,000  00 

Feb.  27,  1911 - 2"».000  00 

Joly  23,  1912 66.000  00 

Mar.    4,  1918 - 40,000  00 

Mar.    4,  1916  (allotted  April  2,  1915) 60,000  00 

482,000  00 

Total  appropriations _ — $1,192,000  00 

Receipts  from  sales _ 1,W2  07 

Total    — $1,198,W2  07 

COMMERCIAL  STATISTICS. 

The  freight  and  passenger  traffic  on  the  Sacramento  River  is  handled  by  craft 
which  operate  on  this  stream  exclusively,  and  by  craft  which  operate  part  of  the 
time  on  other  streams  (i  e.,  San  Joaquin  and  Mokelumne  rivers),  as  follows: 

_  VESSEL   CLASSIFICATIONS. 


ClABS 


Number 


Net 

reiflstered 
tonnage 


pRsson- 
geift 


Bcfistered— 
Steamers  . 
Gas 

Sailing  ... 
Unriffged  . 


41 
49 
37 
45 


18,780 
1,421 
2,108 

12,004 


139,816 
34,410 


Vnretlstered'' 
Steamers  ... 

Oas  

SaOhig 

Unrlffged  ... 


22 

8 

IS 


1.2J9 


Totals 


210 


84,407 


175,485 
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FREIGHT  TRAFFIC. 


Article 


Amount 


Customary  units 


Short      I 
tons       I 


Taluatlna 


Totuia^ 
for  which 
rates  »ntl 
(ILitanoes 
are  known 


Coal       3333  tons  3,833  $30,0(k  00 

Fuel  o'li -!      535.480  barrels  91,082  427,880  40 

Gasoline -  3,970  drums  1.707  78,622  00 

Distillate  7,340  drums  8,877  96,244  GO 

Coal  oil 21,630  cases  887  22,175  00 

Lubricating:  oil  ._ __ - - 151  9315  00 

Machinery 139  tons  139  20380  00 

Autos       — _ — -  2,147  8,221  2,254,700  00 

Wagons 976  976  73,200  00 

Buggies    — - -  1,000  300  42.000  00 

Sand   - rj2,945  cuMc  yds.  79,417  52,944  67 

Gravel 1,998  cubic  yds.  2,890  1,508  83 

Brick  11,976,000  29,980  89320  00 

Cement 24,610  barrels  4,676  46,760  00 

Crushed  rock 2,920  cubic  yds.  4380  4,380  00 

Lumber   33.700  M  feet  50,549  505,490  00 

Piles 11,610  8,707  58.046  60 

Shingles  — 41.573,000  3.118  62360  00 

Shooks 2,400  M  feet  2,460  67,650  00 

Cordwood 3,421  cords  C,842  17,105  00 

Wheat 14,102  tons  14.102  948,570  00 

Barley    —  63.745  tons  63,745  1,466.136  00 

Oats - 691  tons  691  20,780  00 

Com   23  tons  28  805  00 

Flour   8,010  barrels  801  .  56,070  00 

Millstufl  - 224  tons  224  6,720  00 

Rice   - 5,065  tons  5,065  406,200  00 

Beans    —  23348  tons  28,348  1,634,860  00 

Potatoes  -  20,329  tons  20,329  406,580  00 

Onions    _ 1,582  tons  1,582  15320  00 

Asparagus    __  12,001  tons  12,001  600,050  00 

Other  vegetables 19,900  tons  19,90'J  995,450  00 

Hay - 30,371  tons  30371  242.988  00 

Wool 510  tons  610  188,600  00 

Hides    _  2,240  bundles  325  162,500  00 

Horses   -_ _ 1.575  head           I  945  236.250  00 

Cattle  2,080  head           i  710  99,400  00 

Sheep    ._ —  34,224  head  2,139  256.680  00 

Hogs  13,b70  head  1,040  187,200  00 

Fruit,  freiJh 14,100  tons  14,109  987,630  00 

Fruit,  dried  ._ 3.:>91  tons  3.391  538,650  00 

Grapes    57  tons  57  1,425  00 

General  merchandise  —  ]57,9'>4  tons  157,954  19,744,250  00 

Canned  goods  .__ _  TCO.ax)  cnses  22,819  '     2,738,280  00 

Wine    - ]<M,j()0  gallons       i  940  47,000  00 

Meats 84  tons  84  20,160  00 

Fish _ 2.1W>  tons  2,1S9  202,680  00 

Dairy  produce 1,164  tons  1,164  2:^2,800  00 

Kggs    1,210  cases  34  10,200  00 

Sugar  _ -.  2,^0)  tens  2,.m  230,900  00 

Hops  261  tons  261  114,840  00 

Paper    __ 1,187  tons  1,487  148,700  00 

Miscollanpous    1C,(5S0  tons  16,689  1,668,900  00 

Asphalt    --_ U,42r)  barrels       i        1,366  10,586  60 

Poultry _ 75  i  22,500  00 

Totals  — _ 721,0(H)    $38,211,760  00 


Avente 
haul  or 
dlat«no« 
frplchtwas 
carried 
(mUes) 


Bate  par 

ton-mile 


442 

14.211 

206 

412 

21 

10 

133 

51 

124 

26 

50^245 

2300 

82 

8.487 


429 
224 
204 
878 
4,028 


4.226 

2,0G6 

X7.BB1 

25 


108 
1 


821 

1.806 

66 


G2.7 
68.5 

122.4 
72^ 

100.4 
22 
18.6 

122.7 
963 

150 
61.8 
69.7 
81.1 
583 


8.W0 

40 

6,061 

100.7 

18»010 

114.6 

210 

91.4 

182.6 
973 
98.8 
89.3 
66.7 


8 

72.7 
76.7 
160 


20 
20 


180 
96 
20 


10.040 
.016 
.034 
.060 
.016 
.091 
.l«ff 
.067 
.097 
.093 
.018 
.017 
.009 
.043 


8.668 

1103 

.046 

1,240 

119 

.018 

19 

66 

.oes 

.016 
.015 
.015 
.023 


.017 
.020 

.oes 

.108 
.020 


.2M 
.€80 
.00 
.063 


266 

88.7 

.061 

168 

28.9 

.024 

1,227 

66.5 

.089 

86 

60.9 

.108 

8,087 

483 

.06» 

295 

1483 

.000 

67 

46 

.066 

20320 

126.4 

m 

60 

22 

.091 

28" 

10.7' 

'.58 

.100 
.100 


.086 
.013 
.100 


Note.— Attention  is  invittii  to  the  fact  that,  in  gonoral,  rates  and  distances  carried  are  known 
for  short  liauls  of  small  lots  only,  and  the  rates  per  ton  mile  are  therefore  necessarily  large. 


Diirini;  \ho  spiiii;^  (11>1."»)  a  \\v\y  lino  of  boats  brj^an  opornting  upon  the  Sacramento 
It i vol*.  'J'wo  sjas  s(lnH>n('rs  inako  a  daily  trip  from  San  KraiUMsco  to  Coiirtland  and 
n-turn,  hanlin::  fruit,  vojrctablcs  and  oUior  fiTijrht. 

Throudi  the  Xorthorn  Klcctric  Railway  drawbridjjo  at  M  street,  Sacramcoto, 
3,054  stoamboats,  1,005  barjycs,  iH>*j  gas  boats,  73  sailing  vessels,  30  dredges  and 
29  pile  drivers  passed  during  the  year. 
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Through  the  Southern  Pacific  Railwa}*^  drawbridge  at  H  street,  Sacramento,  805 
steamboats,  799  barges,  867  gas  boats,  81  sailboats,  27  dredges  and  20  pile  drivers 
IMUsed  during  the  year.  (Between  M  and  11  streets,  Sacramento,  the  project  depth 
changes  from  seven  feet  to  four  feet.) 

Through  the  Southern  Pacific  Railway  drawbridge  at  Knights  Landing,  5(j3 
stramboats,  406  barges,  321  gas  boats,  six  sailboats,  8  dredges  and  seven  pile  drivers 
passed  during  the  year. 

Through  the  Northern  Electric  Railway  drawbridge  at  Meridian  424  steamers, 
196  barges,  15  gas  boats,  two  sailboats  and  nine  dredges  passed  during  the  year. 

In  the  above  only  those  passages  for  which  draw  operation  was  required  are 
tabulated. 


IMPROVEMENT  OF  RIVERS  AND  HARBORS  IN  THE  THIRD  SAN 

FRANCISCO,  CAL.,  DISTRICT. 

Report  of  Major  L.  H.  Rand,  Corps  of  Engineers. 

IMPROVEMENTS. 

Pnge 

1-    San  Joaquin  River,   Cal 3340 

2.  Stockton  and  Mormon  channels   (diverting  canal),  Cal 33i)3 

3.  Mokelnmne  River,  Cal 3353 

For  description  of  improvements  in  this  district,  see  pages  1461  to  1473. 


1.    San  Joaquin  River,  California. 

(A)     San   Joaquin   River,    Including   Stockton    and    Mormon    Channels,    'Sine-foot 

Channel,  Maintenance. 

Contract  was  entered  into  July  17,  1914,  with  Standard  American  Dredging  Com- 
pany for  dredging  shoals  in  Stockton  Channel  at  ten  cents  per  cubic  yard  and  in 
the  San  Joaquin  River,  below  its  junction  with  the  latter,  at  nine  and  nine- tenths 
cents  per  cubic  yard.  (See  annual  report,  1914,  part  III,  p.  3172.)  Operations 
under  this  continued  from  October  1,  1914,  to  January  8,  1915. 

In  Stockton  C!hannel,  from  its  junction  with  Mormon  Channel  to  a  point  3,700 
feet  below,  85,761  cubic  yards  of  material  were  removed  at  a  price  of  i?S,57G.10. 
Dredging  was  paid  for  to  a  depth  of  ten  feet  below  mean  low  water  (one  foot  over- 
depth),  width  of  bottom  100  feet,  and  side  slopes  one  and  fivc-t»mths  feet.  The 
contractor  removed  material  in  excess  of  the  rcciuired  section,  in  places  to  a  depth 
of  20  feet  below  mean  low  water,  in  order  to  use  the  material  for  fill  on  adjacent 
grounds. 

In  the  San  Joaquin  River  two  shoals  were  dredged,  one  extending  between  points 
1,600  and  2,500  feet  below  its  junction  with  Stockton  Channel,  the  other  between 
points  5,000  and  7,000  feet  below  the  junction.  A  total  of  58,974  cubic  yards  of 
material  was  removed  at  a  price  of  $5,858.43.  The  section  paid  for  was  the  same 
as  that  in  Stockton  Channel  except  that  the  width  was  increased  at  approaches  to 
bends  to  conform  to  the  natural  alignment  of  river  bed. 

From  the  total  contract  price  of  $14,414.50,  the  sum  of  $39.00  was  deflncted  to 
cover  cost  of  inspection  after  time  limit. 

Administrative  charges  have  brought  the  total  expenditure  for  fiscal  year  to 
117,331.60. 

The  material  dredged  varied  from  sand  to  hard  clay.  It  was  pumped  ashore  by 
the  15-inch  suction  dredge  Wilmington,  the  length  of  pipe-line  varying  from  305  to 
4,770  feet,  average  being  2,480  feet 

(B)  San  Joaquin  River,  Nine-foot  Channel  and  Cut-offs. 

Leasee  were  entered  into  September  26,  1914,  and  renewed  January  11,  1915. 
with  American  Dredging  Company  for  use  of  the  clamshell  dredge  Uncle  Sam  with 
an  auxiliary  plant,  for  $175  per  day  of  22  actual  working  hours,  for  excavation  of 
cut-off  "C,"  described  in  House  Document  No.  1124,  Sixtieth  Congress,  second  session. 
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The  dredge  operated  from  October  10,  1014,  to  February  11,  1915,  the  estimated 
amount  due  the  lessor  being  $19,360.00.  In  addition  to  this  sum  ( $19^^60),  the 
contractor  has  presented  claim  for  payment  of  an  additional  amount  This  claim 
has  been  referred  to  the  auditor  and  final  settlement  not  yet  effected.  The  quantity 
of  material  estimated  to  be  removed  was  350,000  cubic  yards.  A  survey  made  in 
April  shows  that  there  has  been  a  total  of  320,000  cubic  yards  removed,  leaving 
30,000  cubic  yards  to  be  removed  to  complete  cut-off. 

The  banks  slipped  badly,  necessitating  rehandling.  It  was  estimated  from  the 
operation  of  dredge  that  material  about  40  per  cent  in  excess  of  above  quantity  was 
handled.  The  material  was  sand,  loam,  peat,  and  hardpan.  The  cost  per  yard  on 
the  basis  of  material  actually  handled  is  four  and  one-tenth  cents  i>er  cubic  yard; 
on  basis  of  material  removed  from  prism,  six  cents  per  cubic  yard. 

The  prism  of  cut-off  as  it  now  exists  has  the  required  depth  except  at  one  point, 
where  the  weight  of  spoil  bank  forced  into  the  cut  soft  underlying  material  from  a 
previous  river  channel  which  it  crossed.  Additional  work  is  required  to  bring  the  cut 
to  full  width  and  regular  alignment,  especially  at  the  point  just  referred  to  and  at 
the  upper  end  of  the  cut-off,  where  the  levee  on  one  side  was  not  cut  because  of  flood 
conditions  at  the  time.  The  cut-off  is  now  used  by  all  the  river  traffic.  Adminis- 
trative expenses  have  increased  the  total  expenditures  during  fiscal  year  to  $20,411.02. 


(C)    San    Joaquin    River,    Fremont 


Channel    and 
Harbor. 


McLeod    Lake,    Arms   of   Stockton 


The  approved  depths  of  McLeod  Lake  and  Fremont  Channel,  which  are  included 
in  Stockton  Harbor  project,  are  believed  to  exist  unimpaired,  although  no  survey 
of  the  area  has  been  made;  no  maintenance  work  has  been  required. 


APPROPRIATIONS. 


Dat«  of  rivers  and  harbors  act 


Malnte- 
nauco 


Aug. 

June 

March 

Aug. 

July 

Aug. 

Aug. 

Sept. 

July 

Aug. 

June 

March 

June 

April 

March 

March 

March 

June 

Feb. 

July 

March 

March 


14,  1876. 

14.  1680. 

8,  1881. 

2.  1882. 
6,  1884- 
5,  1886. 

11,  1S88. 

19,  1890. 

13,  1892. 

18,  1894. 

3,  la^S- 
3,  1890. 

13,  1902. 

28,  19M. 

3,  1905. 

2,  1907. 

3,  IfHlO. 
25,  1910. 
27,  1911- 
25,  1912. 

4,  1913. 
4,  1913. 


9-foot 
channel 

and 
cut-offs 


Fremont  Channel  and 

McLeod  Lake,  arms  of 

Stockton  Haftor 


Improve- 
ment 


Mainte- 
nance 


ToUl 


120,000  00 

20,000  00 

40.000  00 

40,000  00 

20,000  00 

18,750  00 

25,000  00 

75,000  00 

65,000  00 

50,000  00 

67,750  00 

20,000  00 

18,000  00 
135,170  00 

20,000  00 

30,000  00 
«20,000  00 

35,000  00 

25,000  00 

40,000  00 i     $11,000 

„_      159,632  00 

»25,000  00    


$40,000  00 


T 


00 


•$600  00  I 


Withdrawn  under  act  of  Mar.  4,  1915 _. 


$199,632  00 
30,000  00 


$90,000  00 
90,000  00 
10^000  00 
40,000  00 
20,000  00 
18,760  00 
25,000  00 
75,000  00 
66,000  00 
50,000  00 
67,760  00 
20^000  00 
18,000  00 
85,170  00 
20LO0O0O 
80,000  00 
20.000  00 
75,000  00 
SSbOOOOO 
61.000  00 
150,632  00 
•25,800  00 

$no,8osoo 

30,000  00 


Net  totals _ 

Treasury  settlements,  Oct.  11,  1911 


$699,670  00      $169,632  00 
11  25    .._ 


$11,000  00 


$600  00  !  $880^802  00 
11 25 


Grand  totals ^99,681  25     $169,632  00  ,     $11,000  00 


$600  00     $880.813  25 


^Allotted  May  31,  1904. 
-Allotted  April  10,  1909. 

•Apportioned  by  War  Department  from  $26,500  appropriation  which  provldei  for  thrw  separate 
projects  In  lump  sum. 
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Contracts  in   Force. 

(«)     Dredging  in  San  Joaquin  River  aud  Stockton  Channel,  Cut. 
Name  of  contractor:  Staudard  Americau  Drcdginj;  Company. 
Date  of  contract :  July  17,  1914. 
Date  of  approval :  August  8,  1014. 
Date  fixed  for  commencement:  September  10,  1914. 
Actual  date  of  commencement:  October  3,  1914. 
Date  fixed  for  completion :  December  9,  1914. 
Percentage  of  completion  at  end  of  fiscal  year :  100. 
Amount  of  contract:  $11,140. 
Prices,  per  unit :  9.9  cents  per  cubic  yard,  10  cents  per  cubic  yard. 

{h)    Lease  for  dredge  to  he  used  in  making  cut-off  "C7*'  in  San  Joaquin  RivcTt  Cal. 
Name  of  contractor:  American  Dredging  Company. 
Date  of  contract:  September  26,  1914. 
Date  of  approval :  Lease,  approval  not  required. 
Date  fixed  for  conmiencement :  October  6,  1914. 
Actual  date  of  commencement :  October  6,  1914. 
Date  fixed  for  completion :  January  21,  1915. 
Percentage  of  completion  at  end  of  fiscal  year:  100. 
Amount  of  contract:  $16,055.56. 
Price,  per  unit:  |175  per  day. 

(c)    Lease  for  dredge  to  he  used  in  making  cut-off  "<7"  in  San  Joaquin  River,  Cal, 
Name  of  contractor:  American  Dredging  Company. 
Date  of  contract:  January  11,  1915. 
Date  of  approval :  Lease,  approval  not  required. 
Date  fixed  for  commencement:  January  22,  1915. 
Actual  date  of  commencement:  January  22,  1915. 
Date  fixed  for  completion:  February  28,  1915. 
Percentage  of  completion  at  end  of  fiscal  year:  100.^ 
Amount  of  contract:  $5,600  as  made;  $1,952.83  allowed  for  work. 
Price,  per  unit:  $175  per  day. 


COMMERCIAL  STATISTICS. 
Vessel  Classification. 


I  Net  reg-      ;     passen- 

Claaa  Numl>er     j       Lstered      |       'Vi!: 

toniiaite 


ReKbtared—  I 

Steamen 22  7,373  I         72,313 

Cm 04  I            1,030  I         110,343 

Sailing  28       I          1,509  _._ 

Coriggcd  - I  89                   6,033    

I  I 

Caregiftered— 

Ou _ 13        7,011 

Sailing  ._ J. - 5        -_. 

t^arlfged 21       I 


I 


Touis 


192  15,945  !         189,667 


'Not  in  strict  accordance  with  contract  terms. 
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FREIGHT  TRAFFIC. 


Article 


Amount 


Ooal    

Fuel  oil 

Gasoline   

DiBtiUate 

Coal  oil 

LubrlcatfnR  oil 

Machinery    

AatoB  

Wagons - 

Buggies  

Sand  

Brick 

Cement  ., 

Crushed  rock 

Lumber  

Piles   

Shingles  

Shooks . 

Oordwood   

Wheat   

Barley   

Oats 

Com 

Flour 

Mlllstufli 

Rice . 

Beans  

Potatoes 

Onions  

Asparagus  

Other  vegetables 

Hay  

Wool 

Hides    

Horses  , 

Cattle 

Sheep .- 

Hogs 

Live  stock  

Salt  

Fruit,  Iresh 

Fruit,  dried 

General  merchandise  — 

Canned  goods 

Hemp  

Beet  pulp 

Soda  water 

Beer 

Meats  

Fish 

Dairy  produce  — , 

Miscellaneous  


CustomftiT  unite 


1,702  tons 

435,600  barrels 

27,581  drums 

16,747  drums 

0,638  cases 


2,508 

106 

810 

106 

21,237 

4,280 

115 

11,083 

17,317 

1.420 

280 

610 

8,109 

23,381 

107,544 

2,221 

1,487 

7,160 

54,972 

82 

27,218 

144,155 

28,785 

4,188 

26,321 

12,512 

6 

160 

1,768 

1.985 

68,576 

440 


tons 


cubic  yds.  , 
M 

barrels 
cubic  yds. 
Mfeet 

M 

Mfeet        I 

cords         I 

tons 

tons 

tons 

tons 

barrels 

tons  I 

tons 

tons 

tons 

tons 

tons 

tons 

tons 

tons 

bundles 

head 

head 

head 

head 


Totals 


20 

226 

2 

152,081 

67.400 

345 

450 

3,392 

17,824 

115 

682 

474 

327 


tons 

tons 

tons 

tons 

cases 

bales 

tons 

cases 

cases 

tons 

tons 

tons 

tons 


Short 
ton* 


1,702 

70,492 

11316 

7,700 

395 

60 

2,503 

150 

310 

32 

81355 

10,600 

83 

2,526 

25,976 

1,065 

21 

610 

6,898 

23,381 

107,544 

2,221 

1,487 

716 

54372 

32 

27,218 

144,155 

28,785 

4,188 

W,S21 

12.542 

5 

72 

1,060 

605 

4,266 

33 

777 

20 

226 

2 

152,031 

1,722 

50 

450 

212 

1.114 

115 

&82 

474 

327 


Valuation 


$13,616  00 

331,812  40 

543,596  00 

219,450  00 

9376  00 

8,900  00 

375,450  00 

111,800  00 

23,250  00 

4,480  00 

21,230  60 

32,007  00 

280  00 

2,625  00 

250,760  00 

7,100  00 

420  00 

16^776  00 

15,996  00 

818335  00 

2,473,512  00 

66,630  00 

52,045  00 

60,120  00 

2,748,600  00 

2,500  00 

1,906,260  00 

2,883,100  00 

287,850  00 

200,400  00 

1,316,060  00 

100386  00 

1300  00 

36.000  00 

266^000  00 

97,900  00 

614320  00 

5,940  00 

116,550  00 

300  00 

15,820  00 

300  00 

10,003376  00 

206,610  00 

5,000  00 

1,350  00 

11,660  00 

66,840  00 

27.600  00 

69,840  00 

01,800  00 

82,700  00 


722,156    $35,479,741  00 


Tonnage 
for  which 
ratM  «nd 
dijitanoes 
are  known 


ATCragc 
haul  or 
distance 
freight  was 
carried 
(miles) 


Bate  per 
ton-mile 


1,626  ' 
16337  ' 

30 


164 


81,606 

10,601 

28 

2,686 

12,021 

16 

10 

6,388 

686 

82.9S7 

1,716 

828 

867 

8307 

10 

8,541 

95,00 

23396 

8,642 

812 

10^006 


82.5 
74.2 

40 


10.020 
.014 

.087 


626 


.048 


72.7 

49.8 

22.6 

84 

88.2 

45 

80 

613 

68.6 

803 

61 

44 

893 

76 

16 

74.7 

663 

62.6 

15.1 

38.4 

813 


.006 
.020 
.072 
.009 

.018 

.010 
.012 
.023 
.010 
315 
.025 
.023 
.011 
.027 
.200 
.014 
.020 
.016 
.171 
.013 
.021 


I 


876 

525  '• 
4,261 
29 


61.1 
26.7 
28.6 
35.6 

116 


.078 
.10? 
.063 
.108 

.017 


7,212 
3 


73.7 
203 


.027 
.137 


1 
817 


26 

793 


81 


24.6 


.080 

.Old 


^Includes  much  flour. 

Note.— Attention  is  invited  to  the  fact  that,  in  general,  rates  and  distances  carried  are  known 
for  short  hauls  of  small  lots  only  and  the  rates  i)cr  ton-mile  are  therefore  neeessarily  large. 
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2.     Stockton  and  Mormon  Channels  (Diverting  Canal),  Cal. 

Daring  July  $250  was  expended,  by  oral  agreement  for  a  particular  piece  of  work, 
in  clearing  the  canal  of  undergrowth.  Administrative  charjjes  have  increased  the 
total  spent  during  the  fiscal  year  to  $334.26. 


APPROPRIATIONS. 


Date  of  rlTer  and  harbor  acts 


ImproTcment    i    Maintenance 


Jane  13,  1902 
March  3,  19Q3 
April  28,  1004 
March  3,  1006 
March  i,  1900 
March  4,  1013 


ToUki    

Bflodyed  by  treasury  settlements  October  11,  1011. 


Grand  total 


$50,000  00 
50,000  00 
75.000  00 
49,316  00 
56,079  00 


$280,395  00 


>fl,000  00 
$1,000  00 


Total 


$50,000  00 
50,000  OQ 
76,000  00 
40,816  00 
66.079  00 
1,000  00 

$281,395  00 
8  38 

$281,403  33 


Contracts  In  Force. 
There  were  no  contracts  in  force  during  the  year. 

Commercial  Statistics. 
Sec  "Commercial  Statistics"  for  San  Joaquin,  Cal.,  page  3J552. 

3.     Mokelumne  River,  Cal. 

There  was  no  work  done  on  this  stream  during  the  year.  Of  the  total  amount 
expended,  $243.20,  the  sum  of  $43.20  was  to  cover  outstanding  liabilities  from 
preceding  year,  and  $200  was  for  administration. 


APPROPRIATIONS. 

Improving   Mokelumne   River,   California. 

Birer  and  Harbor  acts  of— 

July    5,  18U - $8,.')00 

Aug.    6,  1886 - 2,500 

Aug.  U,  1888 — - 2,000 

July  18,  1898 2,:iOO 

Aug.  18,  1801 — 2,r)00 

Mar.    8,  1906 _ 2,500 

Mar.    2,  1007 - 2.500 

June  25,  1010 - - - 2,000 

Feb.  27,  1011 - 5,000 

Mar.    4,  1913 - —  1,000 

Total  _ *     $S1,000 

Contracts  In   Force. 
There  were  no  contracts  in  force  during  the  year. 


^Allotted  from  $28,500  appropriation  of  March  4,  1913,  which  provided  for  three  projects  In 
tamp  sum. 
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Registered: 
SteameiB  .. 

Gafi 

Sailing 

Unrigged  — . 

Unregistered: 
Steamers  -. 

Gas   

Sailing  _„. 
Unrigged  .. 


Total 


COI\AI\AERCIAL   STATISTICS. 
Vessel  Classiffcatione. 


Class 


Numlier 


7 
28 

6 
16 


5 
8 
8 


72 


Net  refciii- 

terptl 

tonuase 


2.185 
345 
217 

1,720 


4,407 


Pa8«en- 


1«8» 


1,9M 


Note. — Through  the  Southern  Pacific  Railway  bridge  over  Snodgrrass  Slough,  a 
tributary  of  the  Mokelumne  River,  60  gas  boats,  2  sailing  vessels,  46  barges  and 
6  dredges  passed  during  the  year. 


FREIGHT  TRAFFIC. 


Article 


Amount 


Cufltomary  units 


Oil 


Coal 

Fuel  oil 

Gasoline  __. 
Distillate  .. 

Coal  oil 

Lubricating 

Machinery 

Wagons  

Buggies 

Brick  

Lumber   

Shingles   

Bhooks  

Cordwood 

Wheat 

Barley    _ 

MilLstuffi  

Beans 

Potatoes  

Onions 

Asparagus 

Other  vegetables 

Hay  

ICorses    

Cattle  -__ 

Sheep _ 

Fruit,  fresh 

Grapes    -.- — 

General  merchandise  .— 

Canned  goods — 

Fish  - 

Dairy  produce  

Beer _ 


40 
8,035  barrels 

V7  drmna 
790  drums 
537  cases 


40 

3 

2 

M5 

53 

5 

110 

10 

6,778 

188 

3,768 

87.451 

87 

421 

4,486 

640 

345 

6 

15,000 

124 

66 

8,40:? 

318 

462 

3,840 


M 

M 

M 

Mfeet 

cords 

tons 

tons 

tons 

tons 

tons 

tons 

tons 

tons 

tons 

head 

head 

head 

tons 

tons 

coses 

tons 

tons 

cases 


Totals 


Short 
tons 


40 

1,S66 

33 

363 

22 

15 

119 

40 

1 

5 

1,412 

4 

5 

220 

10 

6,778 

138 

3,768 

37.451 

87 

421 

4,486 

640 

207 

2 

9t0 

124 

6 

8,493 

1,507 

bl8 

462 

240 


69,723 


Valuation 


Tomiaffe 
for  which 
rates  and 
dlatanceR 
an*  knoirn 


$720  00 

6,420  00 

1,518  00 

10,845  60 

550  00 

975  00 

17.860  00 

3,000  00 

140  00 

15  00 

14,120  00 

80  00 

187  50 

550  00 

350  00 

155,894  00 

6,900  00 

263,760  00 

749,020  00 

870  00 

21,050  00 

224,300  00 

5.120  00 

51,750  00 

280  00 

112,800  00 

8,680  00 

1.650  00 

1,061,625  00 

180,840  00 

88.160  00 

92,400  00 

14,400  00 

i}3,045,870  00 


40 
767 


Avenute 

haul  or 

distance 

fi  eight  \«  as 

carried 

(mUos) 


90.0 
57.6 


220 


8,702 

188 

787 

10,340 

87 


769 

865 

97 


66 
445  , 


158 


Rate  per 
ton-mile 


$0,016 
.018 


^2  ! 

40.0 

.038 

--- 

1 
.... 

87 

15.0 
50.0 

.120 

251 

4 

50.0 
49.8 
40.0 

.040 
.OK 
.043 

'24.5 


59.1 
50.0 
48.6 
S4.8 
50.0 


49.7 
96.9 
43.5 


45.0 
47.8 


65.0 


.096 


.019 
.040 
.021 

.0S4 


.047 
.060 
.084 


.056 
.018 


.OSS 


^Includes  flour. 

Note. — Attention  is  invited  to  the  fact  that,  in  general,  rates  and  distances  carried 
are  known  for  the  short  hauls  of  small  lots  only  and  the  rates  per  ton-mile  are 
therefore  necessarily  large. 
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RIVER  WORK. 

All  matters  of  drainage,  improving  and  rectifying  river  channels  and 
other  work  on  any  river  or  slough  connecting  with  San  Francisco  Bay, 
San  Pablo  Bay,  and  Suisun  Bay,  and  the  tidewaters  flowing  in  said  bays 
wherein  state  moneys  are  expended,  are  placed  under  the  management 
of  the  Department  of  Engineering.  The  department  has  charge  of  all 
expenditures,  unless  otherwise  specially  provided  by  law,  for  all  public 
works  relating  to  general  river  and  harbor  improvements,  reclamation 
and  drainage  of  lands,  purchase,  construction  and  operation  of  dredges 
and  other  appliances  and  including  the  acquisition  by  purchase,  con- 
demnation or  otherwise  of  rights  of  way  for  any  of  said  purposes. 

Whenever  work  in  the  interests  of  navigation  and  the  control  and 
maintenance  of  stable  conditions  of  the  rivers  involves  also  direct 
benefits  or  protection  to  the  lands  seeking  to  have  the  work  done  by 
the  state  the  lands  so  benefited  are  required  to  bear  a  portion  of  the 
cost  of  the  work,  usually  one-half  to  two-thirds,  the  state  paying  the 
remaining  portion. 

Owing  to  the  fact  that  the  climate  of  the  Great  Valley  is  passing 
through  a  "dry'*  cycle,  no  great  floods  have  occurred  in  either  stream 
system  for  several  years.  Not  since  1911  has  the  San  Joaquin  exper- 
ienced a  flood,  and  1909  was  the  last  high  water  in  the  Sacramento 
which  reached  dangerous  conditions. 

As  a  consequence  of  several  years  immunity  from  floods,  there  have 
been  no  crevasses  formed  requiring  closures  or  extensive  protection 
works. 

Long-continued  low  plane  of  the  water  surface,  however,  is  conducive 
to  active  caving  of  the  alluvial  banks,  and  in  places  this  has  occurred 
to  the  great  loss  of  good  land  and  destruction  of  levees,  creating  con- 
ditions where  serious  breaches  would  likely  occur  at  the  next  flood. 
The  department  has  kept  close  watch  of  such  conditions,  and  wherever 
danger  threatened  has  applied  remedial  measures. 

The  principal  work  of  the  river  improvement  division  since  the 
last  report  has  been  to  repair  and  maintain  revetment  previously  laid, 
and  to  place  new  revetment  where  conditions  demanded. 

Several  types  of  bank  protection  have  been  used  by  the  state  and 
by  private  reclamation  projects.  Formerly  where  current  or  wave 
action  attacked  a  levee  the  slope  was  protected  by  covering  it  with 
brush  held  down  with  poles  laid  transversely  and  tied  with  wire  to 
stakes  driven  into  the  soil. 

Jetties  of  brush  and  posts  or  piles  have  been  extensively  used.  A 
patented  cellular  jetty  was  introduced  i\\e  or  six  years  ago  which  its 
advocates  thought  would   always  deflect  the  current  from   the  bank 
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with  sure  benefit.     In  practice  it  was  found  to  succeed  in  some  places, 
but  absolutely  failed  to  accomplish  its  purpose  in  others. 

Many  miles  of  brush  bulkhead  along  the  foot  of  the  banks  have 
been  constructed,  some  successfully  performing  their  functions  and 
others  failing.  Plank  bulkheads  on  piles,  sheet  piles  and  other  devices 
have  been  used,  but  all  structures  of  wood  are  perishable  and  of  short 
duration.  Attempts  have  been  made  to  use  concrete  in  various  ways. 
Several  miles  of  levee  have  been  covered  on  the  slope  with  concrete 
pavement.  Usually  this  is  two  to  three  inches  thick,  laid  on  as  a  con- 
tinuous sheet,  frequently  having  light  steel  reinforcement.  Sometimes 
expansion  joints  are  introduced  and  other  times  the  slab  is  continuous 
for  long  distances. 

The  state  experimented  with  a  concrete  covering  laid  in  separate 
blocks  13  X  60  inches  and  3  inches  thick.  The  blocks  were  manufac- 
tured in  a  plant  and  brought  to  the  bank,  where  they  were  laid  on  the 
slope  and  strung  together  with  cables  anchored  into  the  top  of  the 
levee.  The  theory  of  the  inventor  was  that  being  fastened  to  cables 
the  ''mattress"  would  have  great  flexibility  and  should  undercutting 
occur  the  *'mat"  would  accommodate  itself  to  the  unevenness  of  the 
slope  and  continue  to  protect  it  from  current  action. 

In  practice  it  was  found  that  if  undercutting  occurred  at  all,  the 
earth  would  slide  underneath  the  concrete,  leaving  holes,  and  while  the 
flexibility  did  allow  the  mat  to  settle  to  some  extent,  it  was  not  sufficient 
to  follow  extensive  subsidences,  and  consequently  the  blocks  would 
break  or  pull  apart,  leaving  holes  through  which  the  water  would 
attack  the  earth  slope.  Generally,  if  no  undercutting  took  place  the 
revetment  stood  well  and  thoroughly  protected  the  bank,  and  in  that 
used  by  the  state  a  portion  was  provided  with  a  sheet-piling  toe  wall 
which,  protecting  the  bank  slope  from  undercutting,  has  rendered  the 
flexible  mattress  very  effective.  But  this  is  accomplished  by  a  condi- 
tion where  flexibility  is  not  required,  hence  a  solid  sheet  of  concrete 
covering  the  slope  would  be  just  as  effective  and  would  cost  much  less 
than  the  other. 

The  question  of  bank  protection  is  one  that  engages  serious  thought 
and  the  Department  of  Engineering  has  given  much  study  to  the  sub- 
ject and  some  experiment  with  a  view  of  determining  a  method  that  will 
be  effective  and  yet  the  cost  of  which  will  not  be  prohibitive. 

The  causes  which  lead  to  the  disiutc<?ration  of  the  river  banks  are 
current  action  and  wave  action.  Tlie  current  usually  attacks  the  foot 
of  the  bank,  eroding  the  earth,  and  causing  the  overhanging  material 
above  tlie  erosion  to  break  off  and  fall  into  the  stream.  This  condition 
is  aorgravated  by  the  overload  from  levees  being  placed  in  the  bank  as 
close  as  possible  to  the  edge.     Erosion  once  started  soon  reaches  the 
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line  of  the  levee  when  both  bank  and  levee  quickly  fall  in,  creating  a 
breach  which  in  high  water  becomes  a  crevasse.  Wave  action,  induced 
by  wind  or  the  swell  of  passing  water  craft,  attacks  the  bank  at  the 
water's  edge.  The  waves  being  driven  against  the  bank  or  up  the  slope 
of  a  levee,  displace  portions  of  the  earth  surface.  Having  once  started 
disintegration,  every  wave  increases  the  displacement.  The  material 
falls  into  the  water,  and  the  final  result  is  the  same  as  that  of  current 
erosion,  the  destruction  of  the  bank  at  the  point  of  attack. 

Along  the  river  channels  the  width  of  water  surface  is  seldom  sufficient 
for  waves  raised  by  the  wind  to  acquire  suflScient  impetus  to  have  much 
effect  on  the  banks,  but  in  the  confined  space  of  a  channel  the  waves 
caused  by  a  steamer  make  great  havoc. 

Current  erosion  is  generally  confined  to  the  convex  side  of  bends,  but 
the  waves  from  water  craft  attack  the  entire  length  of  both  banks. 
Furthermore,  their  effect  is  felt  at  every  stage  of  the  water  surface,  and 
in  such  streams  aa  the  Sacramento  River,  where  the  range  from  low-  to 
high-water  stages  is  nearly  30  feet,  there  is  presented  a  width  of 
60  to  100  feet,  depending  upon  the  slope,  every  part  of  which  is  subject 
to  attack  and  injury  from  the  waves,  and  it  is  only  where  the  material 
is  particularly  firm  or  is  protected  by  vegetable  growth  that  it  does 
not  yield  to  the  constant  pounding  of  the  waves. 

This  condition  is  becoming  more  pronounced  every  year.  The  rapid 
increase  in  the  number  of  river  craft  increases  the  frequency  of  the 
waves  and  the  increase  in  size  and  speed  of  the  boats  enlarges  the  swell 
and  thus  augments  the  destructive  effects. 

It  is  no  stretch  of  the  imagination  to  believe  that  in  a  few  years  the 
increase  of  commerce  on  the  inland  waterways  carried  in  more  numerous, 
larger  and  swifter  craft  will  create  conditions  reciuiring  some  kind  of 
protection  to  the  entire  length  of  both  banks  of  the  Sacramento  below 
the  city  and  probably  much  of  the  river  above. 

Owing  to  the  broader  expanse  of  water  in  the  lower  San  Joaciuin,  the 
above-described  conditions  do  not  obtain  in  the  same  degree.  Wave 
action  from  winds  is  more  pronounced,  but  the  nature  of  the  material 
of  the  banks  enables  them  to  withstand  the  pounding,  and  the  narrow 
range  between  low-water  and  flood  planes  modify  greatly  the  cost  of 
maintenance. 

The  cheapest  and  at  the  same  time  most  effective  bank  protection 
yet  tried  by  the  department  is  a  typo  of  flexible  brush  mattress  woven 
of  willow  brush  fascines  and  wire  cables,  anchored  into  the  bank  and 
weighted  down  with  attached  concrete  or  stone  weights. 

The  woven  brush  mattress  has  long  been  used  by  the  government  for 
protecting  the  banks  of  the  ^lississippi,  Missouri  and  other  large  streams, 
but  the  system  used  by  the  Department  of  Engineering  differs  from 
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the  government  method  in  having  the  weights  attached  to  the  mattress 
instead  of  deposited  loosely  on  its  surface.  Formerly  the  state  placed 
considerable  quantities  of  the  rock-laden  type,  but  in  many  cases  erosion 
took  place  at  the  edge  of  the  mattress,  causing  it  to  sink  lower.  The 
slope  then  being  increased  the  rocks  rolled  off,  the  brush  floated  in  the 
water,  was  torn  loose  from  its  mooring  and  carried  away. 

By  attaching  the  weights  to  the  cables  woven  in  the  mattress  and 
fastened  in  the  bank,  the  whole  remains  in  place  even  though  erosion 
should  take  place  to  such  an  extent  as  to  hang  the  mattress  like  a  curtain 
over  the  bank. 

An  advantage  of  this  kind  of  work  is  that  it  can  be  extended  far  into 
the  stream,  covering  the  bed  beyond  any  probable  chance  of  erosion 
starting  under  the  edge. 

A  disadvantage  of  this  type  is  that,  being  made  of  brush,  the  dur- 
ability of  the  material  is  limited.  Where  it  is  constantly  submei^d 
it  will  last  a  long  time,  but  above  permanent  water  surface  the  wood 
decays  and  in  a  few  years  miist  be  renewed.  In  many  situations,  how- 
ever, when  the  brush  is  cut  late  in  the  fall,  and  after  being  laid  is  covered 
with  a  few  inches  of  earth  or  sand  the  brush  will  sprout  and  grow  into 
a  dense  thicket  of  fine  brush  affording  a  living  and  permanent  pro- 
tection. It  frequently  happens,  though,  that  the  brush  sprouts  will 
die  unless  irrigated  during  the  first  summer. 

Several  of  the  mattresses  laid  by  the  department  have  been  treated 
as  indicated  above,  and  now  present  an  impregnable  defense  to  the 
onslaughts  of  the  water.  "When  the  brush  fails  to  grow,  the  same  effect 
is  obtained  by  driving  down  green  willow  stakes  at  close  intervals  over 
the  mattress. 

A  description  of  the  river  work  executed  during  the  two  years  just 
passed,  follows: 

SACRAMENTO  RIVER. 

Crouch  Landing.  This  point,  known  also  as  Bower's  Ranch,  continues 
to  give  concern  to  the  landowners  adjacent.  Erosion  of  the  bank 
around  a  sharp  bend  of  the  river  has  moved  that  bank  several  hundred 
feet  inland,  washing  away  many  acres  of  valuable  land. 

Several  attempts  have  bo(»n  made  to  arrest  the  erosion,  but  owing  to 
a  combination  of  cironmstances — a  high  bank  of  friable  earth  underlaid 
by  a  stratum  of  loose  gravel  situated  in  the  ** whirl"  of  a  strong  cur- 
rent— requires  treatment  that  will  cost  more  than  the  immediate  bene- 
ficiaries care  to  incur.  Should  the  erosion  extend  to  a  point  where 
danger  of  a  break  forming  a  new  channel  to  the  injury  of  navigation 
and  the  destruction  of  a  large  area  of  valuable  lands,  no  doubt  coopera- 
tion can  be  effected  for  constructing  adequate  protective  works. 
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The  only  work  attempted  since  the  last  report  was  trimming  the 
bank  for  a  slope  of  1  to  1  for  a  length  of  2,100  feet,  grubbing  brush  and 
clearing  debris  from  ten  acres  of  river  bed,  and  clearing  out  a  shallow 
eut-oif  channel  across  the  chord  of  the  bend. 

The  cost  of  this  work  was  $1,908.73,  one-half  of  which  was  paid  by  the 
adjoining  landowners. 

Meridian.  At  a  bend  in  the  river,  beginning  about  a  half  mile  above 
the  Northern  Electric  Railroad  bridge  at  Meridian,  erosion  had  attacked 
the  left  bank  and  advanced  well  into  the  levee.  A  breach  here  would 
result  in  great  injury  to  the  lands  between  the  river  and  Butte  Slough, 
damage  to  the  railroad  and  the  power  lines  crossing  the  basin,  and 
destruction  to  the  town  of  Meridian  with  probable  loss  of  life,  in  addi- 
tion to  the  inevitable  injury  to  navigation  which  always  follows  a  serious 
break. 

Cooperative  arrangements  were  made  with  the  property  interests 
threatened  and  two  pieces  of  flexible  brush  mattress  were  laid  on  the 
stretch  threatened,  covering  124,000  square  feet  of  bank. 

The  total  cost  of  the  work  was  $13,739.45,  one-third  of  which  was 
paid  from  state  funds  and  two-thirds  by  the  property  owners. 

Collins  Eddy.  This  is  a  very  sharp  bend  of  the  river,  the  stream 
turning  its  course  300  degrees  in  a  distance  of  one-quarter  of  a  mile. 
The  current  had  washed  away  the  bank  and  cut  into  the  levee,  causing 
the  property  owners  to  move  buildings  farther  away.  A  breach  here 
would  entail  great  damage  to  adjacent  property  and  injury  to  navi- 
gation on  the  river. 

The  federal  engineers  approved  the  proposed  work  and  contributed 
piles  and  drove  them  in  place  to  the  extent  of  about  $2,000.  Owing  to 
delays  in  effecting  cooperative  agreements  with  the  bank  owners,  work 
was  not  commenced  until  December,  1914.  High  water  caused  a  suspen- 
sion of  work  and  when  the  flood  had  subsided  considerable  of  the  work 
placed  had  been  washed  away.  Operations  were  resumed  the  next  year. 
In  addition  to  repairing  those  portions  of  the  previous  year's  work  left 
standing,  a  part  of  that  washed  out  was  replaced  with  the  same  type 
of  pile  and  brush  bulkhead,  but  it  was  found  that  bulkheads  would  not 
stand  the  impact  of  barges  thrown  against  them  by  the  whirling  current. 
A  brush  mattress  was  then  laid  on  the  bank  subject  to  the  hard  usa^e, 
and  ownng  to  the  violence  of  the  pounding  it  would  receive  from  passing 
craft  it  was  made  much  heavier  than  usual,  being  woven  with  a  thick- 
ness of  three  feet  at  the  lower  selvage. 

The  mattress  laid  measured  420  feet  long,  average  70  feet  wide, 
aggregated  29,400  square  feet  and  contained  373  cords  of  brush. 

The  previous  year's  work  had  taken  all  of  the  brush  in  the  inmiediate 
vicinity  so  that  used  for  this  work  was  obtained  at  Knights  Landing  and 
transported  more  than  twenty  miles  by  barge  to  the  work. 
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The  total  cost  of  both  years  work  was  $8,241.17,  which  was  borne 
equally  by  the  state  and  the  property  owners.  These  figures  do  not 
include  about  $2,000  contributed  in  piling  by  the  government  in  Decem- 
ber, 1914. 

Edwards  Break,  This  name  is  applied  to  the  vicinity  of  a  crevasse 
which  occurred  in  the  left  bank  of  the  river  opposite  Sutterville  a  short 
distance  below  the  corporate  limits  of  the  city  of  Sacramento.  The 
break  occurred  during  the  flood  of  1904  and  spread  devastation  through- 
out the  Sacramento  basin  to  the  Mokelumne  River,  causing  that  stream 
to  overflow  its  banks  and  spread  its  water  almost  to  the  city  of  Stockton. 
Only  by  dint  of  constant  effort  was  the  Y  street  levee  maintained  as  a 
bulwark  against  the  flood's  invasion  of  the  streets  of  the  capital  city.  It 
is  said  to  have  cost  the  state  more  than  $100,000  to  close  the  break. 

For  many  years  the  levees  for  a  distance  of  more  than  a  mile  have 
been  gradually  succumbing  to  attacks  of  current  and  wave,  and  each 
report  of  this  department  has  detailed  efforts  to  maintain  them  in  a  safe 
condition.  Several  stretches  of  brush  mattress  have  been  laid  from  time 
to  time  to  hold  the  most  dangerous  places. 

Beclamation  District  No.  535,  in  1914  proposed  a  plan  of  permanent 
improvement  to  consist  of  covering  the  slope  of  the  bank  next  the 
river  with  a  concrete  cover  laid  in  sections  fastened  together  with  cables 
so  as  to  give  (as  the  patentee  thought)  a  degree  of  flexibility  to  the 
covering  which  would  enable  it  to  adapt  itself  to  inequalities  of  the  slope 
in  case  of  settlement  of  the  soil  underneath. 

The  work  executed  was  not  continuous,  as  any  bank  that  was  holding 
firmly  was  not  covered.  The  aggregate  of  the  concrete  laid  was  8,141 
lineal  feet  covering  404,949  square  feet. 

Owing  to  the  settlement  of  the  earth  as  work  progressed,  it  was  neces- 
sary to  take  up  and  relay  a  considerable  portion.  Also  to  prevent 
further  settlement  a  sheet  pile  toe  wall  was  driven  at  the  toe  of  portions 
of  the  work.  This  was  found  very  necessary  wherever  the  material  of 
the  bank  was  sandy,  or  where  because  of  restricted  right  of  way  the 
slope  was  made  steeper  than  1^  to  1. 

The  total  cost,  including  toe  walls  and  relaying  of  damaged  work, 
was  $86,451.34,  amounting  to  $0,213  per  square  foot. 

Frccport.  Conditions  at  Freeport  have  given  the  authorities  much 
concern.  A  length  of  about  6,000  feet  of  the  left  bank  in  a  long  bend  is 
affected.  The  levee  is  high  and  composed  largely  of  sandy  materials. 
The  land  adjacent  is  low  and  should  a  break  occur  the  flood  would 
flow  across  the  intervening  country  to  the  Mokelumne  River  and, 
should  that  stream  be  full  at  the  time,  its  channel  would  be  gorged  and 
break  over  to  the  south,  inundating  the  territory  toward  Stockton,  as 
occurred  at  the  time  of  the  Edwards  break,  detailed  above. 


"Let  '«  gol"     Launching  »  completed  mat. 
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The  property  immediately  back  of  the  levee  is  not  in  a  reclamation 
district  and  it  has  been  impossible  to  enlist  cooperative  action. 

The  department  in  cooperation  with  the  county  of  Sacramento  in 
1914  placed  some  revetment  in  the  worst  places,  but  owing  to  lack  of 
funds  it  was  mostly  of  a  temporary  character. 

Each  year  since,  this  department  has  continued  to  maintain  the  levee 
against  the  encroachment  of  the  current,  but  always  with  works  of  a 
temporary  character,  the  only  cooperative  funds  available  being  $1,000 
from  the  county. 

In  January,  1916,  conditions  were  so  bad  that  it  was  necessary  to  lay 
2,060  lineal  feet  of  standard  brush  mattress. 

The  expenditures  at  this  place  during  the  biennium  just  closing  have 
been  as  f oUows : 

March  and  April,  1915 $2,031  54 

December,  1915,  January,  1916 2,372  21 

$4,403  75 

Of  the  total  cost,  the  county  of  Sacra- 
mento paid $1,000  00 

Sacramento   and   San   Joaquin    drainage 

district 186  11 

1,186  11 

The  state $3,217  64 

Sherman  Island.  Most  of  the  work  executed  for  the  security  of  the 
banks  along  the  shores  of  this  island  has  required  little  attention.  The 
work  of  enlarging  the  waterway  of  Sacramento  River  by  cooperation 
between  the  government  and  the  state  has  gone  steadily  on  and  its 
effects  are  very  marked  in  the  reduced  amount  of  damage  done  to  the 
levees. 

Three-mile  Slough  is  a  branch  of  the  Sacramento  River  between 
Sherman  and  Brannan  islands  and  connecting  the  Sacramento  and  San 
Joaquin  rivers.  About  half  a  mile  from  the  head  the  slough  turns 
abruptly  to  the  left,  and  the  swirling  waters  have  washed  out  a  deep 
pool  which  has  a  tendency  to  constantly  work  inland. 

Several  years  ago  a  bulkhead  of  piles  and  brush  was  constructed 
here  to  stop  the  erosion.  The  depth  of  water  is  more  than  fifty  feet 
and  the  bottom  is  hardpan  so  that  piles  can  not  be  driven  with  sufficient 
penetration  to  make  them  secure.  Owing  to  the  swift  and  whirling 
current,  passing  steamers  and  barges  arc  sometimes  thrown  against  the 
bulkhead  with  great  force,  breaking  the  piles  or  loosening  them.  For 
this  reason  annual  repairs  are  necessary.  During  the  last  two  years 
repairs  have  been  made  in  cooperation  with  the  trustees  of  Reclamation 
District  No.  341,  costing  $2,614.37,  of  which  the  district  has  paid 
one-half. 


• 
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SAN  JOAQUIN  RIVER. 

Until  investigations  now  being  made  by  the  state  and  federal  agencies 
shall  be  completed  and  a  plan  formulated  for  flood  control  in  the  inter- 
ests of  navigation  and  reclamation,  it  has  been  considered  inexpedient 
for  the  Department  of  Engineering  to  do  more  than  to  endeavor  to 
maintain  conditions  as  they  are  and  has  confined  its  activities  to 
assisting  in  the  maintenance  of  levees  and  installation  of  bank  protec- 
tion where  conditions  became  dangerous,  or  where  navigation  could  be 
permanently  benefited. 

Smith's  Canal.  Protection  to  the  bank  of  the  river  at  the  junction 
of  Smith's  Canal  as  projected  at  the  close  of  the  last  report  was  con- 
structed at  a  cost  in  excess  of  $1,200,  of  which  the  state  contributed  $587 
and  adjoining  property  owners  the  remainder. 

Rough  and  Ready  Island.  The  legislature  in  1911  appropriated 
$15,000  for  acquiring  rights  of  way  to  enable  the  government  to  make 
two  cut-ofEs  of  bends  in  the  San  Joaquin.  The  rights  were  obtained 
and  the  cuts  are  at  this  writing  very  nearly  completed. 

Stockton  Channel.  The  national  government  contemplates  enlarging 
and  improving  the  shipway  of  Stockton  Channel,  for  which  rights  of 
way  are  required. 

Reclamation  District  No.  rjli.  The  brush  mattress  being  placed  at 
the  time  of  the  last  report  was  completed  at  an  expense  of  $4,622.88,  the 
state  and  district  each  paying  half. 

Reclamation  District  No.  17.  Several  places  occur  in  the  banks  of  the 
river  above  the  diversion  of  Old  River  where  the  bank  and  levees  are 
subject  to  severe  strain  in  times  of  flood,  and  which  if  allowed  to  break 
would  flood  the  country  to  the  north  almost  to  Stockton.  It  requires 
constant  watching  to  prevent  conditions  reaching  a  dangerous  stage. 
By  cooperation  with  the  property  owners,  the  banks  have  been  main- 
tained so  that  no  serious  breaks  have  occurred  for  several  years. 

An  old  brush  mattress  at  Caloris  ranch  was  repaired  and  improved 
with  110  lineal  feet  of  new  mattress,  1,400  lineal  feet  was  laid  near  the 
county  highway  bridge  on  the  Lathrop-Tracy  road,  and  300  lineal  feet 
at  Walthall  Slough,  aggregating  1,810  lineal  feet  of  revetment  amount- 
ing to  136,700  square  feet  at  a  cost  of  $12,417.34,  one-half  being  paid 
by  the  district. 

Paradise  Bend.  Three  units  of  revetment  were  placed  here  during 
the  last  biennial  period,  a  forecast  of  which  was  made  in  the  last  report. 
The  location  and  extent  of  the  units  appear  as  follows: 

Fink's  Pump Dimensions   545  x  75  ft.,  area   40,875  sq.  ft- 

At  Paradise  Cut Dimensions     75  x  45  ft.,  area     3,375sq.  ft- 

Below  Paradise  Cut-Dimensions   714 x  80  ft.,  area   57,120 sq.ft. 


Totals   13341in.ft.  •  101,370  sq.  ft- 
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The  total  cost  of  the  work  aggregated  the  sum  of  $7,760.37,  borne 
equally  by  the  state  and  the  property  owners. 

Banta  Reclamation  District.  The  conditions  described  above  under 
the  caption  **  District  17,"  obtained  to  an  aggravated  degree  above  the 
head  of  Paradise  Cut.  The  department  had  previously  constructed 
revetment  at  Loren^en's  Whirlpool  and  during  the  past  two  years  has 
fomid  it  necessary  to  extend  the  work  at  that  place  and  place  protection 
at  others,  as  follows : 

Upper  end  of  district,  mattress 985  x  85  =  83,725  sq.  ft. 

50x40=   2,000  sq.ft. 

Above  mat  at  Lorenzen 100x80=   8,000 sq.ft. 

Below  mat  at  Lorenzen 100x80=    8,000 sq.ft. 

Near  Paradise  Cut 460  x  80  =  34,500  sq.  ft. 

Totals    1695  lin.  ft.  136,225  sq.  ft. 

The  total  aggregate  cost  of  this  work  was  $10,167.97;  the  state  and 
property  owners  each  paying  one-half. 

Unfinished  work.  In  addition  to  the  work  accomplished  according  to 
the  foregoing  description,  the  department  is  engaged  in  executing  new 
work  at  New  Banta  Eeclamation  District  and  Paradise  Dam,  estimated 
to  cost  $2,500  and  $1,800,  respectively.  One-half  of  the  estimated  cost 
in  each  case  is  deposited  by  the  property  owners  to  cover  their  share  of 
the  expense. 

Negotiations  are  pending  for  additional  work  to  be  done  at  Districts 
Nos.  17  and  544,  but  are  not  yet  concluded. 

Channel  Explorations.  A  partial  revival  of  navigation  seems  immi- 
nent on  the  San  Joaquin  River  above  Stockton.  This  being  considered 
worthy  of  encouragement  the  department  made  a  reconnaissance  of 
the  channel  from  Stockton  to  Hill's  Ferry,  a  distance  of  87  miles.  It 
was  found  that  to  clear  the  channel  of  snags  so  as  to  render  navigation 
safe  at  low  and  mid-stages  of  water,  and  do  thoroughly  as  the  depart- 
ment would  only  undertake  to  do,  would  require  an  expenditure  of 
funds  which  the  department  was  not  prepared  to  meet  alone.  Effort 
to  enlist  the  cooperation  of  navigation  interests  failed  and  therefore 
nothing  has  been  attempted  in  the  way  of  clearing  the  channel,  nor 
is  any  extended  effort  contemplated,  at  least  until  the  research  now 
being  prosecuted  shall  develop  a  flood  control  plan,  in  the  carrying  out 
of  which  the  clearing  of  channels  will  necessarily  be  a  part. 

METHODS  OF  WORK. 

The  work  of  the  river  division  is  so  erratic  in  its  character  that  a 
large  force  of  laborers  is  not  employed  continuously.  Sometimes  many 
^'jobs"  will  be  under  way  at  once  and  several  hundred  men  may  be 
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employed.  Again  there  will  be  months  when  no  constructive  work  will 
be  in  progress.  Such  conditions  make  employment  transient  in  charac- 
ter and  consequently  no  great  number  of  men  acquire  experience  in 
the  work. 

There  are  several  men,  however,  who  always  seek  employment  with 
the  department  whenever  work  is  to  be  had.  They  are  steady  and 
reliable;  many  of  them  saving  their  wages  and  depositing  the  money 
in  savings  banks.  Such  men  can  always  be  depended  upon  to  be  loyal 
to  the  employer  in  emergencies.  It  has  been  the  policy  of  the  depart- 
ment to  give  such  men  every  consideration,  and  effort  is  made  to  find 
employment  for  them  whenever  it  becomes  necessary  to  suspend  work 
on  the  river. 

This  policy  has  resulted  in  creating  a  small  but  dependable  force 
of  laborers  skilled  in  the  several  manual  occupations  required  in  work 
on  the  rivers.  These  men  are  all  enrolled  in  the  civil  service,  and  are 
an  honor  to  that  institution,  but  when  the  department  requires  a  large 
force  of  men  it  is,  perforce,  compelled  to  draw  upon  the  army  of  '*  pro- 
fessional unemployed." 

Some  of  these  also  are  enrolled  as  civil  service  employees,  but  the 
experience  of  the  department  is  that  even  they  are  but  little  better 
than  the  unregistered  ''floater."  In  view  of  that  faot  and  the  further 
fact  that  the  average  duration  of  employment  of  transients,  according 
to  their  own  statements,  is  only  about  three  and  a  half  weeks  it  seems 
doubtful  if  any  good  is  accomplished  by  maintaining  a  registered  list 
of  laborers  for  transient  or  temporary  positions. 

The  department  has  many  times  made  requests  upon  the  Civil 
Service  Commission  for  a  force  of  20  or  30  laborers  and  have  only 
three  or  four  to  report  for  work.  Recourse  would  then  be  had  under 
authority  of  the  commission  to  the  employment  of  others,  but  in  each 
case  delay  was  encountered,  and  loss,  in  not  having  a  full  crew. 

CAMP  ARRANGEMENTS. 

A  separate  camp  is  established  at  the  site  of  each  piece  of  work,  and 
the  men  boarded  at  the  camp.  Care  is  exercised  to  keep  the  commissary 
up  to  a  high  standard,  all  foodstuffs  being  of  fine  quality  and  in  good 
variety.  Kitchen  arrangements  are  complete  and  convenient,  and 
cooking  is  required  to  be  well  and  cleanly  done.  Kitchen  and  dining 
quarters  are  well  screened  and  all  garbage  is  taken  care  of  in  a  sanitary 
manner.  Large  ice  chests  are  provided  for  all  perishable  foods.  Where 
the  domestic  water  supply  is  not  above  suspicion  all  drinking  water  is 
either  boiled  or  filtered  or  V)oth. 

Tents  are  provided  for  slei^ping  quarters  restricting  their  occupancy 
to  two  persons  to  each  ordinary-sized  tent.     The  men  are  required  to 
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furnish  their  own  blankets,  but  each  man  is  furnished  with  an  iron 
frame  spring  cot.     Clean  straw  is  provided  aud  changed  every  week  or 
whenever  a  cot  is  vacated.     Cots  are  frequently  washed  with  germicide 
solution. 

Bathing  facilities  are  provided,  the  tubs  and  showers  furnished  with 
hot  and  cold  water.  The  water  for  bathing  is  heated  by  the  same  boiler 
furnishing  water  for  washing  clothes.  Plenty  of  soap  is  furnished  to 
each  man.  A  large  assembly  tent  is  provided  with  a  stove  where  men 
who  get  wet  may  dry  their  clothes  before  going  to  their  individual 
quarters.  Most  of  the  small  tents  are  furnished  with  heating  stoves. 
In  short  every  effort  is  made  to  maintain  the  camp  in  a  comfortable  and 
healthfnl  condition. 

Equipment,  The  river  division  possesses  one  large  working  barge 
45x100  feet,  one  small  barge  10x20,  a  small  pile  driver,  one  small 
pontoon  fire  engine,  a  kitchen  houseboat,  one  towing  launch,  one  fast 
dispatch  launch,  five  rowboats  and  three  portable  skiff  engines  capable 
of  driving  the  rowboats  five  to  seven  miles  an  hour.  When  work  is 
required  in  several  places  at  one  time  it  becomes  necessary  to  rent  barges 
and  hire  towboats. 
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MISCELLANEOUS. 


State  Supervision  of  Dams.  In  the  last  report  attention  was  called 
to  the  growing  number  of  high  dams  being  constructed  for  industrial 
purposes  without  supervision  by  public  authority.  Instances  were  cited 
where  failure  of  dams  with  possible  loss  of  life  and  property  had  been 
averted  more  by  good  fortune  than  otherwise. 

In  response  to  the  suggestions  made  for  provision  to  place  all  dams 
under  state  inspection  and  supervision,  the  legislature  enacted  an 
amendment  to  the  act  creating  the  Department  of  Engineering,  con- 
taining the  following  provision : 

**It  shall  be  the  duty  of  the  state  department  of  engineering  to 
pass  upon  all  plans,  specifications  and  estimates  for  the  construc- 
tion of  dams  now  already  constructed,  in  process  of  construction, 
or  proposed  to  be  constructed  for  the  impounding  of  water  other 
than  the  dams  now  coming  under  the  authority  of  the  California 
railroad  commission.'*    (Chapter  394,  statutes  1915.) 

The  intent  of  the  above  quoted  law  is  plain,  but  it  is  submitted  that 
it  confers  little  authority  upon  the  Department  of  Engineering.  '*To 
pass  upon  plans"  is  not  sufficient  without  authority  to  alter  the  plans 
if  they  are  defective  and  to  enforce  compliance  in  construction  with 
approved  plans  and  specificatious,  or  if  the  structure  is  already  con- 
structed and  found  to  be  unsafe  the  state's  agent  should  be  clothed 
with  power  to  compel  the  adoption  of  measures  to  make  it  safe. 

There  are  dams  in  course  of  construction  or  contemplated  which  will 
be  more  than  300  feet  in  height  and  hold  in  the  canyons  above  them 
billions  of  cubic  feet  of  water.  The  results  from  a  failure  of  such  a 
structure  are  appalling  to  contemplate. 

It  will  be  contended  that  the  projectors  of  all  enterprises  requiring 
such  structures  employ  the  best  engineering  talent  to  be  had  and  use 
every  precaution  to  ensure  the  safety  of  the  work.  That  may  be 
granted,  but  the  archives  of  the  Department  of  Engineering  contain 
the  record  of  at  least  one  dam  constructed  by  a  wealthy  corporation 
according  to  plans  and  specifications  which  would  be  pronounced  all- 
sufficient  by  any  engineer.  They  would  have  been  "passed  upon'* 
favorably  by  the  Department  of  Engineering  if  submitted  to  it.  Yet 
exploration  extending  to  the  interior  of  the  dam  showed  that  the  speci- 
fications had  been  grossly  ignored,  and  hidden  disintegration  had 
already  progressed  far.  The  company  was  not  to  blame,  excepting  for 
lax  inspection,  but  some  one  had  deliberately  '* skimped'*  the  work 
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and  endangered  the  lives  of  hundreds  of  people  living  below  the  darn. 
The  law  governing  the  Department  of  Engineering  provides  that : 

'*A11  inspectors  employed  by  the  state  engineer  on  any  public 
work  shall  render  to  the  state  engineer  a  full,  true  and  correct 
report  of  the  kind,  manner  and  progress  of  all  work  upon  which  he 
is  such  inspector.  Any  inspector  who  shall  render  a  false  report 
knowing  the  same  to  be  false  shall  be  guilty  of  a  felony,^' 

Also, 

**Any  contractor  or  his  agent  or  employee  who  shall  knowingly 
permit  the  violation  of  the  contract  of  such  contractor  to  the 
injury  of  the  state,  or  any  agent  or  employee  of  any  contractor 
who  shall  have  knowledge  of  any  work  being  done  in  violation  of 
contract  and  does  not  immediately  notify  the  department  of  engi- 
neering or  the  inspector  upon  said  work  in  regard  to  the  same  is 
guilty  of  a  felony  and  upon  conviction  thereof,  shall  be  confined  in 
the  state  prison  for  not  less  than  one  year  nor  more  than  five  year3 
and  be  liable  to  the  state  for  double  the  amount  the  state  may  have 
lost  or  be  liable  to  lose  by  reason  thereof."  (Chapter  38,  statutes 
1909.) 

It  is  urged  that  the  same  penalty  should  apply  to  any  owner, 
contractor  or  employee  engaged  in  erecting  any  structure  the  weakness 
of  which  would  be  a  menace  to  the  lives  and  property  of  other  people. 

The  Department  of  Engineering,  feeling  that  the  authority  to  ''pass 
upon  plans"  is  insufl8eient,  and  not  having  funds  with  which  to  cause 
inspections  to  be  made,  has  confined  its  activities  to  only  such  cases  as 
were  brought  to  its  attention  by  complaints. 

Acting  upon  complaints  or  upon  strong  rumors  that  certain  workjj 
were  suspected  of  being  inade(iuate,  the  State  Engineer  personally 
examined  the  Bear  Valley  dam  in  San  Bernardino  County,  the  Escon- 
dido  dam  in  San  Diego  County,  both  constructed  long  ago,  and  the 
Woodward  dam  of  the  South  San  Joaquin  Irrigation  District,  situated 
in  Stanislaus  County,  being  constructed,  and  in  each  case  found  that 
expressed  fears  as  to  their  safety  were  without  foundation. 

The  failure  of  the  Lower  Otay  dam  near  San  Diego,  with  a  loss  of 
several  lives  and  the  destruction  of  an  immense  amount  of  property, 
has  been  so  well  described  in  the  news  and  technical  press  that  it  is 
lumecessary  to  enter  into  the  details  here.  That  dam  was  constructed 
without  engineering  advice  in  design  or  supervision  in  construction, 
and  had  been  severely  criticized  by  en<^incors  as  a  dei)arture  from  safe 
practice.  Its  failure  at  the  first  time  that  the  reservoir  was  filled,  with 
the  dire  results  following,  has  aroused  great  fear  in  the  minds  of 
people  residing  below  other  dams,  constructed  or  contemplated,  and 
they  are  entitled  to  protection  from  a  repetition  of  the  Otay  disaster 
so  far  as  it  is  in  the  power  of  the  state  to  give  it. 
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It  is  urged  that  the  inadequate  law  relating  to  state  supervision  of 
dams  be  strengthened  by  giving  its  agents  ample  powers,  and  that  severe 
penalties  be  imposed  for  fraud  in  the  construction  of  any  important 
work  affecting  life  and  property,  whether  that  work  be  public  or 
private. 

Bridges  on  Navigable  Streams.  Under  the  provisions  of  chapter  68, 
statutes  of  1881,  it  is  required  that  the  plans  for  all  bridges  to  be 
erected  over  navigable  streams  shall  be  submitted  to  the  State  Engineer, 
who  shall  designate  the  width  of  draw. 

This  office  is  convinced  that  the  reviewing  authority  should  have 
power  also  to  prescribe  other  matters  affecting  the  regimen  of  the 
stream,  such  as  the  location  and  position  of  piers  and  abutments,  and 
protection  to  banks.  Neglect  of  these  matters,  it  is  believed,  was 
responsible  a  few  years  ago  for  serious  breaks  in  river  levee  and  the 
partial  destruction  of  the  offending  bridge,  the  loss  of  which  interrupted 
railway  traffic  for  several  months. 

In  another  instance  the  obstruction  to  the  flow  of  flood  water  caused 
by  the  erroneous  placing  of  piers  caused  the  loss  of  part  of  that  bridge, 
injury  to  others,  and  loss  of  life. 

The  state  should  have  authority  to  do  more  than  specify  the  width 
of  draw  in  a  bridge. 

No  applications  have  been  presented  for  approval  since  the  last 
report. 

Bridges  on  Interstate  Streams.  The  Department  of  Engineering  has 
recently  been  brought  into  contact  with  the  subject  named  at  the  head 
of  this  paragraph.  The  legislature  appropriated  $25,000  as  the  state's 
share  of  the  cost  of  constructing  a  bridge  across  the  Colorado  River 
connecting  Needles  in  California  and  Topock,  Arizona.  The  Colorado 
River  is  the  boundary  between  the  two  states  at  this  point,  and  an 
Indian  reservation  occupies  one  bank  of  the  stream. 

The  two  states  and  the  United  States  Indian  Service  cooperated  in 
the  construction  of  the  bridge  and  under  the  terms  of  the  agreement 
each  state  is  responsible  for  the  maintenance  of  the  approach  and  that 
part  of  the  bridge  on  its  side  of  the  center  line  of  the  river.  While 
California  assumes  responsibility  for  maintenance  of  the  west  half  of 
the  bridge,  that  duty  is  placed  upon  San  Bernardino  County  by  the 
terms  of  the  appropriation  act. 

The  bridge  was  designed  by  J.  A.  Sourwine.  county  surveyor  of  San 
Bernardino  County.  The  designs  were  checked  and  slightly  altered 
by  the  Department  of  Engineering,  and  the  construction  w-as  executed 
under  the  direction  of  the  Indian  Service. 

The  bridge  is  quite  a  striking  structure,  being  the  longest  three- 
hinged  arch  bridge  in  the  United  States. 


PLATE  XVII, 


IntcntaU  bigbmr  brldic  over  Calotida  River  below  Heedlei,  durins  conitructloD. 


highway  bridge  over  Colorado   River  after  compleli 
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SURVEY  OF  RESERVOIRS. 

The  growing  importance  of  water  storage  in  connection  with  irriga- 
tion, flood  control,  navigation  and  power  production  brings  nearer  the 
time  when  accurate  knowledge  must  be  had  of  all  the  storage  possibil- 
ities existing. 

The  Department  of  Engineering  is  keenly  alive  to  the  importance 
of  the  subject  and  loses  no  opportunity  to  obtain  information  upon  the 
subject,  and  is  gradually  accumulating  data  regarding  location  of  pos- 
sible reservoir  sites,  the  size  of  dam  required,  capacity  of  reservoir  and 
probable  supply. 

There  is  a  popular  belief  that  unlimited  opportunities  exist  in  the 
mountains  for  the  storage  of  water,  and  that  if  they  were  utilized 
destructive  floods  would  be  prevented,  and  the  waters  be  made  available 
for  use  when  the  flow  has  diminished  or  ceased. 

Investigation  has  shown  that  that  belief  is  largely  in  error.  Many 
good  reservoir  sites  exist  which  can  be  utilized  and  which  will  render 
great  aid  in  all  of  the  ways  mentioned,  by  reducing  the  critical  flood 
peak,  and  by  furnishing  water  late  in  the  season  for  the  various  pur- 
poses requiring  it  at  that  time,  but  unfortunately  when  all  practicable 
sites  shall  have  been  occupied  their  combined  influence  will  fall  far 
short  of  exercising  the  degree  of  control  desired.  To  cite  a  case  in 
point: 

Upper  Pit  River  Basin.  Several  years  ago,  a  reconnaissance  had 
discovered  several  basins  in  the  territory  drained  by  Pit  River  which 
appeared  to  offer  opportunity  for  storage  reservoirs.  Surveys  showed 
that  four  reservoirs  could  be  created  having  a  combined  capacity  of 
more  than  4,000,000  acre-feet,  and  the  sites  were  withdrawn  from  sale 
or  entry  pending  the  time  when  they  could  be  devoted  to  public  use. 
A  considerable  part  of  the  land  within  the  withdrawn  areas  had 
already  passed  to  private  ownership. 

Years  elapsed  and  no  action  was  taken  toward  utilizing  the  sites  and 
acquiring  the  lands  privately  owned.  This  condition  created  dissatis- 
faction, since  a  landowner  could  not  dispose  of  his  holdings  and  give 
a  title  guaranteed  to  remain  undisturbed.  So  great  did  the  dissatis- 
faction become  that  a  bill  was  introduced  in  congress  to  restore  all  of 
the  sites  to  public  domain. 

The  Department  of  Engineering,  feeling  that  no  available  reservoir 
site  on  public  land  should  be  restored  to  entry  where  it  could,  and  if 
valuable  would,  be  acquired  to  private  ownership,  effected  a  coopera- 
tive arrangement  with  the  United  States  Reclamation  Service  and  a 
jBurvey  waa  made,  not  alone  of  the  four  sites  named,  but  of  six  others 
which  had  been  represented  as  offering  desirable  advantages. 

At  the  time  the  withdrawals  were  made  there  was  no  record  of  the 
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quantity  of  water  available  to  store  in  proposed  reservoirs,  but  records 
of  stream  flow  in  the  Pit  River  Basin  have  since  then  been  obtained. 

The  result  of  the  cooperative  survey  mentioned  and  study  of  the  run- 
oflf  records  showed  that  a  dam  100  feet  high  at  the  outlet  of  Big  Valley 
would  create  a  reservoir  capable  of  holding  3,200,000  acre-feet  of  water. 
A  dam  70  feet  high  at  Warm  Springs  Valley  would  store  560,000  acre- 
feet.  The  capacity  of  a  reservoir  in  Round  Valley  with  a  dam  100  feet 
liigh  would  be  185,000  acre-feet,  while  a  100-foot  dam  at  Jess  Valley 
would  create  245,000  acre-feet  of  storage.  The  storage  capacity  of 
these  four  sites  with  a  maximum  height  of  dam  of  100  feet  aggregates 
4,190,000  acre-feet,  while  the  average  annual  flow  at  the  Big  Valley  dam 
site  is  estimated  to  be  429,000  acre-feet. 

At  that  rate  it  would  require  eight  and  one-third  years  to  fill  the 
reservoir,  not  allowing  for  evaporation  losses,  even  if  none  were  with- 
drawn for  use  and  none  stored  in  the  other  reservoirs. 

The  conclusions  reached,  as  a  result  of  the  surveys  and  studies  made, 
is  that  only  two  of  the  ten  sites  examined  are  practicable  for  storage. 
Round  Valley  has  possibly  70,000  acre-feet  a  year  available  for  storage 
and  Jess  Valley  50,000  acre-feet,  making  a  total  of  120,000  acre-feet  of 
water  that  it  is  practicable  to  store  in  the  basin  above  Big  Valley,  which 
amount  would  be  deducted  from  the  quantity  estimated  as  reaching  Big 
Valley  site,  leaving  but  309,000  acre-feet,  or  less  than  one-tenth  the 
capacity  of  that  reservoir,  available  for  storage. 

The  net  result  of  the  investigation  was  the  abandonment  of  Big 
Valley  site  and  all  others,  excepting  Round  Valley  and  Jess  Valley,  and 
the  elimination  of  their  4,000,000  acre-feet  of  storage  capacity,  from  all 
future  calculations  of  storage  in  the  Upper  Pit  River  Basin. 

The  sites  thus  eliminated  as  probable  factors  in  irrigation  develop- 
ment of  Upper  Pit  River  Basin  are : 

Big  Valley,  Big  Sage, 

Warm  Springs  Valley,  West  Valley, 

Delta  Lake,  Widow  Valley, 

Crooks  Canyon,  Ash  Creek  Valley. 

Lower  Pit  Basin,  The  survey  described  above  considered  four  sites 
in  the  drainage  basin  of  Pit  River  below  the  Big  Valley  dam  site.  Two 
of  these,  Dixie  Valley  and  Little  Valley,  are  on  Horse  Creek,  which 
enters  Pit  River  about  twelve  miles  below  Big  Valley.  A  third,  at 
Great  Spring,  is  located  on  Hat  Creek,  which  joins  the  river  near 
Carbon,  some  ten  miles  below  the  confluence  of  Fall  River. 
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Hope  Valley  reurveir  lite.  Canon  River. 


Reaetvoir  rite,  CiliTerai  RIti: 
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The  elements  of  these  sites  are  as  follows,  the  capacity  stated  being 
the  estimated  quantity  of  water  available : 


Dam 


Bottom 
length,  feet 


Height, 
feet 


Capacity, 
acre  feet 


Dixie  Valley  .... 
Little  Valley  ... 

Great  SpriDff  .. 


100 
100 

280 


1 


GO 

■70-100 

76 

100 


25,000 

30,000 

t(0,000 

100,000 


Most  of  the  irrigable  lands  in  the  vicinity  of  these  sites  are  already 
served  without  resort  to  storage,  and  as  the  nearest  lands  to  be  irrigated 
from  water  stored  here  are  a  hundred  miles  away,  it  does  not  appear 
that  small  reservoirs  in  this  region  are  economically  feasible  at  this 
time. 

The  fourth  site  considered  embraces  the  valleys  of  Pit  and  Fall 
Rivers  above  their  confluence.  Here  a  dam  115  feet  high  would  store 
about  750,000  acre-feet  of  water,  and  as  the  mean  annual  flow  at  this 
point  is  estimated  to  be  1,000,000  acre-feet,  so  far  as  the  water  supply 
is  concerned  a  reservoir  here  is  feasible.  The  cost  of  a  reservoir  here  is 
quite  low,  being  estimated  as  ranging  between  $7  and  $8  an  acre-foot. 
Notwithstanding  the  advantages  of  plentiful  water  and  low  cost,  there 
are  disadvantages  that  seem  to  remove  the  Fall  River  reservoir  from 
consideration  on  economic  grounds,  at  least  for  some  time  to  come. 

Surrounding  the  site  is  a  vast  territory  of  rugged  mountain  slopes, 
more  or  less  covered  with  timber  and  affording  grazing  ground  for 
immense  herds  of  cattle.  The  usefulness  of  this  great  range  would  bo 
greatly  reduced  if  it  were  not  that  in  the  little  valleys  dotting  it  here 
and  there  hay  enough  is  raised  to  feed  the  cattle  during  the  winter 
months  when  the  range  is  covered  with  snow. 

The  creation  of  the  Fall  River  reservoir  would  destroy  50,000  acres 
of  the  best  hay  and  grain  land  in  the  Pit  River  Basin.  The  economic 
value  of  these  lands  to  the  cattle  industry  of  the  surrounding  country  is 
80  great  that  their  use  for  reservoir  purposes  would  not  be  justified 
ander  present  conditions.  The  reservoir  would  be  of  little  value  as  a 
factor  in  flood  control,  since  the  disastrous  floods  of  the  Sacramento 
River  originate  below  the  drainage  basins  tributary  to  the  reservoir. 

Iron  Canyon  Project,  For  many  years  it  has  been  the  dream  of 
people  interested  in  the  development  of  the  Sacramento  Valley  that 
some  day  a  large  area  of  the  valley  would  be  irrigated  from  the  waters 
of  Sacramento  River  stored  in  a  reservoir  in  Iron  Canyon  near  Red 
Bluff. 

The  government  caused  preliminary  investigations  to  be  made  in  1904 
and  1905  and  following  a  visit  to  the  site  by  Secretary  of  the  Interior 
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J.  R.  Garfield,  the  studies  were  resumed  in  1909  and  a  partial  report 
rendered  thereon.  To  further  the  project  the  Iron  Canyon  Project 
Association  was  formed,  which  in  1913  effected  arrangements  with  the 
United  States  Reclamation  Service  for  a  complete  investigation,  the 
association  furnishing  a  part  of  the  funds.  The  investigation  was  con- 
ducted under  the  direction  of  Mr.  E.  G.  Hopson,  supervising  engineer  of 
the  Reclamation  Service.  Upon  the  completion  of  the  report  Honorable 
Franklin  K.  Lane,  Secretary  of  the  Interior,  appointed  a  board  to  con- 
sider the  investigations  of  the  Iron  Canyon  project  and  to  report 
thereon. 

The  board  of  review  appointed  was  eompased  of  the  following:  Brig- 
adier General  W.  L.  Marshall,  formerly  Chief  of  Engineers,  U.  S.  Army, 
and  consulting  engineer  to  the  Secretary  of  the  Interior,  Chairman; 
W.  P.  McClure,  State  Engineer  of  California;  D.  C.  Henney,  Acting 
Chief  Engineer,  U.  S.  Reclamation  Service,  and  H.  T.  Cory,  Consulting 
Engineer,  representing  individual  and  corporate  interests  that  would  be 
affected  by  the  project. 

The  report  was  dated  October,  1914,  and  presented  a  very  compre- 
hensive plan  for  the  irrigation  of  a  large  body  of  land  at  the  head  of  the 
Sacramento  Valley.  A  tract  of  270,000  acres  was  selected,  lying  mainly 
on  the  west  side  of  the  river  between  Red  Bluff  and  Willows.  A  tract 
of  10,000  acres  on  the  east  side  of  the  river  opposite  Red  Bluff  was 
included  in  the  project.  The  report  does  not  assume  that  the  tracts 
selected  are  the  only  lands  susceptible  of  irrigation  under  the  project 
nor  that  270,000  acres  is  the  maximum  area  that  may  be  finally  brought 
into  the  scheme. 

The  plans  presented  contemplate  the  construction  of  a  dam  in  Iron 
Canyon,  with  appurtenant  structures  to  serve  different  purposes,  and  a 
system  of  delivery  canals  to  convey  the  water  to  the  lands  to  be  irrigated. 

Three  different  sized  reservoirs  are  considered,  which  are  presented 
with  their  characteristics  in  the  following  table: 

storage  at  Iron  Canyon  Reservoir. 


Height  of  dam 


Capacity, 

acre  feet 


Cost  of 
reserrolr 


Cost  of 

storage  per 

acre  foot 


"?     l^i  - 231,000  ,       $4,826,000  $18  75 

]f„  ,  l^[ - - - 420,000  ,    6,000,000       11  «) 

132.5  feet  _     608,000  '    7,5r5,000       1«  66 


The  cost  of  a  canal  system  to  deliver  the  water  to  the  lands  would  be 
the  same  in  either  case  and  must  be  added  to  the  cost  of  the  reservoir 
to  obtain  the  total  cost  of  the  project. 

Several  alternative  plans  enter  into  the  figures  of  cost  above  pre- 
sented, all  based  upon  the  irrigation  of  225,000  acres  of  land,  but  with 
the  works  designed  with  consideration  of  other  purposes  also. 


HYDROECONOMICS — MISCELLANEOUS.  117 

It  is  conceded  that  works  of  the  magnitude  of  the  proposed  project 
will  have  a  marked  influence  in  the  solution  of  the  several  problems  of 
irrigation,  navigation,  flood  control  and  power  development,  and  all  of 
these  matters  were  considered  in  presenting  several  alternative  plans. 

In  the  designs  three  basic  features  are  kept  in  view,  viz : 

I.  225,000  acres  of  land  to  be  irrigated.  Canal  system  to  cost 
$8,400,000. 
II.  Navigation  as  conducted  on  the  Sacramento  River,  requires  a 
minimum  flow  of  4,750  second-feet  at  Iron  Canyon. 
III.  The  flood  flow  in  the  river  has  reached  a  maximum  of  254,000 
second-feet  at  Iron  Canyon,  and  the  river  channel  below  is  not 
capable  of  carrying  more  than  100,000  second-feet  without 
overflowing  its  banks. 

The  several  plans  presented  involve  the  following  considerations : 

1.  Irrigation   without   storage;   no   dam;   comprehensive 

river  work  to  compensate  for  low^  water  withdrawn, 

costing  $4,000,000.     Total  cost $16,325,000 

2.  Same  as  No.  1,  omitting  river  work.     Total  cost 12,325,000 

3.  Dam  and  partial  storage;  river  flow  reduced  to  3,700 

second-feet;  river  improvement  to  cost  $1,500,000. 

Total  cost 14,200,000 

4.  Same  as  No.  3,  but  adding  provision  for  50,000  horse- 

power development.     Total  cost 15,950,000 

5.  Same  as  No.  3,  but  omitting  river  improvement.     Total 

cost 12,700,000 

6.  Same  as  No.  4,  but  omitting  river  improvement.     Total 

cost 14,450,000 

7-  Dam  and  storage ;  no  reduction  of  river  flow.    Total  cast     13,400,000 

8.  Same  as  No.  7,  but  adding  provision  for  60,000  horse- 

power production.     Total  cost 15,450,000 

9.  Same  as  No.  7,  but  adding  provision  for  flood  control, 

limiting  flood  flow  to  100,000  second-feet.     Total  cost     15,975,000 
10.  Dam  and  storage ;  no  interference  with  navigation  flow ; 
flood  control  limiting  flood  flow  to  100,000  second- 
feet;  provision  for  70,000  horsepower  development. 
Total  cost 18,785,000 

Other  reservoirs  in  Northern  California.  Data  of  reservoirs  obtained 
fey  reconnaissance  for  irrigation  district  or  other  enterprises  in  the 
Sacramento  River  drainage  basin  r.re  on  Last  Chance  Creek  in  eastern 
Plumas  Countv  and  in  Butte  Countv. 

Honey  Lake  Valley  Beservoirs,  •  Records  have  been  obtained  concern- 
ing the  following  proposed  reservoirs  in  the  drainage  basins  tributary 
to  Honey  Lake: 

I      Uelght  of      ■    Capacity, 
(liviii  acre-foct 

Baxter  Creek _ _ _ 62  13.000 

Warm  Springs,  Long  Valley _ ; 130  03,000 

Bed  Bock  Valley.- 110  35^ 
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San  Joaquin  River  Basin,  Data  have  been  obtained  concerning  two 
reservoir  sites  on  Kern  River,  one  each  on  Kaweah,  Kings  and  Calaveras 
rivers  and  two  on  Cosumnes  River,  none  of  which  had  been  recorded 
heretofore. 

Reconnaissances  were  made  of  another  on  Kings,  and  one  on  San  Joa- 
quin River. 

While  the  data  concerning  the  possibility  of  storage  at  the  places 
named  have  not  been  analyzed,  and  much  of  it  not  verified,  still  it  will 
be  valuable  in  studies  of  flood  control  and  navigation  as  well  as  of 
irrigation. 


Dam,   HcCoy  Flat  Rnervoir,   SuMD  Rivei 


Bidwell  Lake,  Lauen  Count?!  Cinder  Con«  ii 
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SAN  FRANCISCO  HARBOR  FRONT. 


The  harbor  front  of  the  city  of  San  Francisco  is  state  property  and 
is  administered  by  a  Board  of  State  Harbor  Commissioners,  which  has 
jurisdiction  over  the  construction,  operation  and  maintenance  of  the 
docks,  wharves,  buildings  and  appurtenances  of  every  kind..  The  board 
reports  directly  to  the  Governor. 

All  engineering,  including  design  and  construction,  is  by  law  placed 
in  the  Department  of  Engineering,  and  is  exercised  through  a  chief 
engineer  of  the  Board  of  Harbor  Commissioners  appointed  by  the 
department. 

Mr.  Jerome  Newman  occupied  that  position  until  June  30,  1916, 
when  he  resigned  and  was  succeeded  by  Mr.  Frank  G.  White. 

Mr.  Newman's  report,  made  to  the  Harbor  Commission  at  the  close 
of  his  term,  is  here  presented : 

REPORT  OF  CHIEF  ENGINEER, 

SAN   FRANCISCO  STATE   HARBOR  COMMISSION. 

By  Jbrohb  Nbwman^  Chief  Engineer. 

Herewith  I  beg  to  submit  my  report  as  chief  engineer  of  your  board,  for  the  term 
beginning  July  1,  1914,  and  ending  June  30,  191C. 

As  mentioned  in  my  biennial  report  for  the  term  ending  June  30,  1914,  there  were 
under  construction  on  the  latter  date  the  following  structures,  which  are  described  in 
the  report : 

Section  A  of  the  seawall  which  was  76^  per  cent  completed. 

Section  1)  B  of  the  seawall  for  which  a  contract  had  been  awarded,  but  on  which 
work  had  not  begun. 

Pier  46,  which  was  40  per  cent  completed. 

Pier  41,  which  was  21  per  cent  completed. 

Pier  15,  which  was  6  per  cent  completed. 

Repairs  to  Pier  19,  which  were  12  per  cent  completed. 

Belt  Railroad  extension  to  United  States  Army  Transport  Doolcs  at  Fort  Mason, 
which  was  47  per  cent  completed. 

Car  ferry  slips,  which  were  4  per  cent  completed. 

Sewering  and  paving  the  southerly  half  of  Bryant  street  between  Main  and  Spear 
streets  and  the  easterly  half  of  Spear  street  from  The  Embarcadero  to  near  Harrison 
street. 

Sewering  and  paving  The  Embarcadero  from  Pier  34  to  Pier  26,  which  was  2  per 
cmt  completed. 

All  of  these  contracts  hive  been  comph'ted  and  the  stnictures  placed  in  service. 

The  various  subdivisions  of  the  work  of  the  Engineering  Department  will  be 
reported  on  separately,  as  follows : 

1.  Construction,  piers  and  wharves. 

2.  Maintenance  and  repairs. 

3.  Belt  Railroad. 

4.  Ferry  slips  and  buildings. 

5.  Street  work  and  maintenance, 
f).  Electrical  department. 

7.  Dredging. 

8.  Testing  department. 
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1.    Construction. 
Piers  and  bulkhead  wharves. 

Besides  contracts  for  the  construction  of  several  new  piers,  a  number  of  others 
were  let  for  additions  and  improvements  to  existing  structures  in  connection  w^ith 
repairs  which  were  necessary  to  place  them  in  good  condition.  The  new  piers  are 
numbered  24,  22,  18,  16,  29,  35  and  37;  the  piers  to  which  additions  and  improve- 
ments were  made  being  numbered  44,  38,  12  (new  number  20),  9,  13  (new  numbers 
7  and  11),  21. 

Ncic  piers  and  extensions  to  existing  piers. 

Pier  24.  This  pier  is  127  feet  wide  with  a  length  of  800  feet.  The  substructure 
is  creosoted  piles,  supporting  a  timber  deck  covered  with  asphalt  in  the  cargo  space 
and  outside  the  shed,  with  a  pavement  of  wood  blocks  in  the  driveway.  There  is  a 
depressed  track  on  the  northerly  side. 

The  shed  is  of  timber,  98  feet  wide  by  790  feet  long,  with  rolling  steel  doors,  and 
has  an  elevated  gallery  for  the  use  of  passengers.  The  fender  line  is  creosoted  piling 
protected  by  untreated  Oregon  pine  sheathing. 

As  in  the  case  of  all  piers  built  in  the  last  two  years,  the  shed  has  an  ornamental 
front,  extending  over  and  along  the  bulkhead,  constructed  of  timber  covered  with 
cement  plaster.     This  bulkhead  building  is  44  feet  deep  by  130  feet  long. 

Pier  24  was  completed  in  September,  1915. 

Pier  22.  This  pier  is  125  feet  wide  by  407  feet  long,  the  length  being  determined 
by  the  depth  of  water  at  the  outer  end ;  it  is  expected  that  the  shoaling  consequent 
on  the  construction  of  the  piers  in  this  vicinity  will  permit  of  its  being  lengthened  in 
a  few  years,  if  required. 

The  substructure  is  creosoted  piles  with  a  timber  dedc  covered  with  bituminous 
concrete  and  with  a  wood  block  driveway.  There  is  a  flush  track  on  the  northerly 
side.     The  fender  line  is  similar  to  that  on  Pier  24. 

The  shed  is  timber,  100  feet  wide  by  395  feet  long  with  a  bulkhead  building  44  feet 
deep  and  130  feet  long  built  of  wood  covered  with  cement  plaster. 

Pier  22  was  completed  in  March,  1916. 

Pier  20  Extension.  In  connection  with  the  construction  of  Piers  16  and  18,  it  was 
decided  to  lengthen  Pier  20  (old  number  12)  in  order  to  afford  more  berthing  and 
storage  space.  A  portion  of  the  inner  end  of  this  pier  had  been  removed  to  make 
room  for  the  construction  of  Section  9  B  of  the  seawall  and  after  the  extension  had 
been  completed  the  inner  end  was  rebuilt  and  a  new  bulkhead  building  added  of 
timber  covered  with  cement  plaster,  uniform  with  the  structure  in  front  of  Piers  16 
and  18. 

The  extension  is  111  feet  wide  by  72  feet  long,  with  a  creosoted  pile  substructure 
and  wooden  deck  and  driveway.  The  flush  track  on  the  northerly  side  was  extended 
with  the  pier. 

This  extension  was  completed  in  December,  1915. 
.    Piers  IG  and  18.     Although  built  under  separate  contracts,  these  piers  may  be 
considered  as  one  structure,  as  they  are  similar  in  plan  and  have  a  continuous  bulk- 
head building  between  them  and  extending  to  the  southerly  side  of  Pier  20. 

Each  pier  is  140  feet  wide  by  686  feet  long,  and  has  a  creosoted  pile  substructure 
canning  a  wooden  deck  covered  with  asphalt,  except  in  the  driveway  which  is  paved 
with  wood  blocks,  and  is  provided  with  two  tracks,  the  northerly  one  being  depressed 
and  extending  the  entire  length  of  the  pier  and  the  southerly  one  being  a  short  flush 
track.  The  fender  line  is  the  usual  creosoted  pile  type  with  untreated  Oregon  pine 
protection. 

The  piers  are  arranged  for  convenient  handling  of  coastwise  freight  and  passengers 
in  conformity  with  the  wishes  of  shipping  men.  There  are  side  aprons  for  handling 
freight,  and  elevated  landing  bridges  leading  to  galleries  for  the  use  of  passengera. 

The  sheds  are  timber,  101  feet  wide  by  6K)  feet  long,  with  steel  rolling  doors.  As 
mentioned  above,  there  is  a  continuous  bulkhead  building,  41  feet  deep  by  773  feet 
long  from  the  northerly  side  of  Pier  16  to  the  southerly  side  of  Pier  30,  containing 
work  rooms,  waiting  and  baggage  rooms  and  offices  of  tbe  company  to  which  the  piers 
are  assigned. 
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Pier  16  was  completed  in  May,  1915,  and  Pier  18  in  June,  1915. 

Pier  29.  This  pier  is  200  feet  wide  by  800  feet  long.  The  inner  600  feet  is  sup- 
ported on  reinforced  concrete  piles,  the  outer  200  feet  on  account  of  the  depth  of 
mud,  on  concrete  cylinders  resting  on  timber  piles.  The  deck  is  of  the  usual  trans- 
veese  girder,  longitudinal  beam  and  slab  type  covered  with  asphalt,  except  in  the 
driveway,  which  is  paved  with  wood  blocks.  There  are  two  tracks,  one  on  each  side, 
the  northerly  one  being  depressed  and  the  southerly  one  flush.  The  fender  line  is 
creosoted  pile  with  untreated  Oregon  pine  sheathing. 

In  addition  to  the  pier,  the  contract  included  the  construction  of  a  section  of  rein- 
forced concrete  bulkhead  wharf,  44  feet  wide  and  608  feet  long,  extending  each  side 
of  the  pier.  This  bulkhead  wharf  is  similar  in  type  to  that  described  in  connection 
with  Pier  39  in  the  last  biennial  report. 

Plans  for  a  shed  are  being  prepared  and  will  be  ready  for  contract  when  the  pier 
is  completed. 

Pier  29  was  6S  per  cent  completed  June  30,  1916. 

Pier  35.  This  pier  is  200  feet  wide,  with  an  average  length  of  896  feet.  The 
sobstructure  is  reinforced  concrete  piles,  carrying  a  reinforced  concrete  deck  covered 
with  asphalt,  except  in  the  driveway  which  is  paved  with  wood  blocks.  The  northerly 
one  of  the  two  tracks  is  depressed,  the  southerly  one  flush.  The  fender  line  is  similar 
in  construction  to  that  on  Pier  29. 

The  construction  of  Piers  35  and  29  presented  some  interesting  problems  in  casting 
and  driving  reinforced  concrete  piles.  The  plans  as  originally  prepared,  called  for 
92-foot  piles  at  the  outer  end,  but  before  reaching  this  point  it  was  found  that  the 
unfavorable  foundation  required  the  use  of  longer  piles  and  it  was  decided  to  substi- 
tute piles  106  feet  long,  20  inches  square  and  reinforced  with  eight  one-inch  bars. 
These  very  long  and  heavy  piles,  weighing  23  tons  each,  were  successfully  handled  and 
driven  and  are  believed  to  be  the  longest  piles  of  this  kind  ever  used. 

The  shed  is  timber,  160  feet  wide  and  900  feet  long,  covered  with  asbestos- 
protected  metal,  which  material  was  selected  on  account  of  its  fire-resisting 
qualities,  and  is  fitted  with  steel  rolling  doors.  There  is  a  bulkhead  building  in 
front  of  the  shed,  33  feet  deep  and  316  feet  long,  constructed  of  timber  covered 
with   cement   plaster. 

The  contract  for  the  pier  included  a  section  of  reinforced  concrete  bulkhead 
wharf,  45  feet  wide  and  494  feet  long,  similar  in  type  to  that  built  at  Pier  29. 

Pier  35  was  completed  in  June,  1916. 

Pier  37.  This  pier  is  200  feet  wide  with  an  average  length  of  937  feet.  It 
has  a  creosoted  pile  substructure  carrying  a  wooden  deck  covered  with  asphalt, 
with  a  wood  block  pavement  in  the  driveway.  There  are  two  tracks,  the  north- 
erly one  being  depressed,  the  southerly  one  flush.  The  fender  line  is  of  the 
standard  creosoted  pile  type,  similar  to  those  on  Piers  29  and  35. 

The  shed  is  timber,  160  feet  wide  and  940  feet  long,  provided  with  steel  rolling 
doors.  There  is  a  bulkhead  building  liS  feet  deep  by  348  feet  long,  of  timber 
covered  with  cement  plaster. 

The  contract  for  this  pier  also  included  the  construction  of  a  reinforced  con- 
crete bulkhead  wharf  45  feet  wide  and  607  feet  long  of  the  same  design  as  that 
used  at  Pier  29. 

Pier  37  was  completed  in   June,  1915. 
Additions  to  existing  piers. 

Pi*»r  44.  In  connection  with  the  repairs  to  this  pier,  which  will  be  describod 
under  "Maintenance  and  Repairs,"  a  new  bulkhead  wharf  building  32  feet  deep 
and  147  feet  wide  is  to  be  constructed.  This  building  is  to  be  of  timber,  covered 
with   cement  plaster. 

This  addition  was  5  per  cent  completed  on  June  30,  1916. 

Pier  38.  The  center  track  originally  built  on  this  pier  having  proved  unsatis- 
factory, it  was  decided  to  replace  it  by  a  depressed  track  on  the  northerly  side. 
This  required  the  construction  of  an  addition  20  feet  wide  and  540  feet  long, 
supi>orted  on  creosoted  piles,  carrj'ing  a  timber  deck,  covered  with  a  seal  coat  of 
hot  asphalt  and  coarse  sand,  and  having   the  standard  creosoted  pile  fender  line. 

This  addition  was  2  per  cent  completed  on  June  30,  1916. 
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Pier  7  (old  number  9).  In  connection  with  the  repairs  to  this  pier,  a  new 
bulkhead  wharf  building,  30  feet  deep  and  300  feet  long,  was  constructed:  this  is 
timber  covered  with  cement  plaster.  To  adapt  the  pier  for  coastwise  traffic,  new 
cargo  aprons,  passenger  bridges  and  an  elevated  gallery  were  also  added. 

A  reinforced  concrete  bulkhead  wharf,  44  feet  wide  and  363  feet  long,  was 
built  under  the  same  contract  as  the  bulkhead  whirf  building;  this  wharf  is  of 
the  same  ty])e  as  the  one  at  Pier  29. 

The  addition  to  Pier  7  was  <S3  per  cent  completed  on  June  30,  1916. 

Pier  11  (old  number  13).  Under  the  contract  for  repairing  this  pier,  extensive 
additions  were  made,  consisting  of  an  extension  to  the  shed,  a  bulkhead  wharf 
building,  a  depressed  track  on  the  northerly  side  and  a  section  of  reinforced 
concrete  bulkhead  wharf. 

The  old  shed,  which  covered  only  the  outer  half  of  the  pier,  was  extended  over 
the  inner  half  for  416  feet,  and  a  timber  bulkhead  wharf  building  30  feet  deep 
and  126  feet  long,  covered  with  cement  plaster,  was  added. 

The  addition  for  the  depressed  track  is  18  feet  wide  and  8(X)  feet  long;  the 
substructure  is  creosoted  piling,  carrying  a  timber  deck  covered  with  bituminous 
concrete. 

The  concrete  bulkhead  wharf  is  44  feet  wide  and  363  feet  deep,  and  similar  in 
design  to  the  one  at  Pier  29. 

These  additions  were  50  per  cent  completed  on  June  30,  1916. 
Projected   work. 

Plans  for  new  work  are  in  course  of  preparation  as  follows: 

Track  and  addition  to  Pier  40,  to  replace  the  present  center  track;  these  are 
90  per  cent  completed. 

Pier  3,  to  replace  present  Pier  5,  with  adjacent  bulkhead  wharf,  50  per  cent 
completed. 

Bulkhead  wharf  buildings  at  new  Pier  3 ;  these  are  30  per  cent  completed. 

Shed  on  Pier  29 :  these  are  5  per  cent  completed. 

Pier  31,  north  of  Pier  29 ;  these  are  10  per  cent  completed. 

Bulkhead  wharf  between  Piers  29  and  31 ;  these  are  5  per  cent  completed. 

Bulkhead  wharf  buildings  at  Piers  29  and  31 :  these  are  10  per  cent  completed. 

Shed  on  Pier  29 :  these  are  5  per  cent  completed. 

Extension  of  southerly  dolphin  of  car  ferry  slips ;  these  are  completed  and  ready 
for  contract. 

2.     Maintenance  and   Repairs. 

In  accordance  with  the  practice  of  the  board,  the  ordinary  repairs  to  piers, 
wharves  and  slips  have  been  made  by  the  state  force.  Several  contracts  were 
let  for  large  repair  jobs  on  various  piers,  together  with  additions  to  these  struc- 
tures, w^hich  latter  have  been  described  under  the  head  of  "Construction." 

The  piers  to  which  repairs  were  made  by  contract  are  Nos.  44,  7  (old  number 
9),  9  (old  number  11),  11  (old  number  13),  19,  21,  and  23.  Of  these,  Nos.  44, 
7,  11,  13,  19,  21  and  23  are  concrete  cylinder  piers,  built  by  the  old  method  of 
depositing  concrete  in  water,  and  were  in  bad  condition.  The  repairs  to  these 
piers  were  made  by  taking  down  and  removing  the  defective  cylinders  and  replacing 
them  with  creosoted  piles  which  will  insure  a  further  useful  life  of  about  15  years. 
Pier  9  is  a  creosoted  pile  structure  and  the  repairs  were  made  by  driving  the'  neces- 
sary new  piles. 

In  all  cases,  the  decks  were  repaired  at  the  same  time  as  the  substructure  and, 
where  possible,  were  covered  with  asphalt  or  bituminous  concrete. 

The  cylinders  supporting  the  main  and  side  aprons  in  ferry  slips  1  and  2  were 
examined  by  divera  and  found  to  be  in  a  dangerous  condition.  These  cylinders  were 
of  the  old  type  and  plans  for  replacing  them  with  concrete  piles  have  been  completed 
and  arrangements  made  to  have  tho  work  done  partly  by  state  forces  and  partly  by 
contract. 

The  steel  rolling  doors  on  piers  constructed  some  years  ago  are  in  need  of  repaint- 
ing and  contracts  are  to  be  let  for  cleaning  and  repainting  them  as  opportunity  offers. 
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3.     Belt  Railroad. 

Owing  to  the  increased  mileage  and  consequent  large  amount  of  traffic  on  the  Belt 
Railroad,  the  work  of  maintenance  has  become  heavier  and  the  tracklaying  force  has 
been  busily  employed.  In  addition  to  ordinary  maintenance,  numerous  turnouts  have 
been  laid  to  new  piers  and  new  tracks  built  on  existing  piers  when  requested  by  the 
tenants.  As  mentioned  in  the  last  report,  all  piers  of  sufficient  width  are  provided 
with  two  tracks,  one  surface  and  one  depressed,  those  not  wide  enough  for  two 
trades  having  only  one.  Latterly  the  occupants  of  piers  have  shown  a  decided 
preference  for  depressed  tracks  and  it  would  seem  that  this  type  be  considered 
standard,  to  be  departed  from  only  on  the  request  of  the  user. 

The  extension  to  the  Transport  Docks  was  completed  October  29,  1914,  and  has 
been  rendering  good  service  since  that  date.  The  federal  government  is  considering 
an  extension  of  this  line  and  negotiations  for  right  of  way  have  been  begun. 

4.    Ferry  Slips  and  Buildings. 

Passenger  slips  7,  9  and  10,  described  in  the  last  report,  were  completed,  as 
planned,  in  January,  1915. 

The  car  ferry  slips,  also  described  in  the  last  report,  were  completed  in  December, 
J914. 

The  buildings  described,  viz:  Ferry  Building  extension.  Post  Office,  and  Wells 
Fargo  &  Company*s  building  have  also  been  completed  as  follows : 

Ferry  Building  extension,  in  February,  1915. 

Post  Office,  in  August,  1915. 

Wells  Fargo  &  Company's  building,  in  May,  1915. 

The  Ferry  Building  extension,  which  contains  baggage  rooms  used  by  the  Southern 
Pacific  and  the  Western  Pacific,  was  very  useful  during  the  exposition  period  In 
taking  care  of  visitors,  and  the  Post  Office  now  handles  practically  all  mail  for  the 
business  section,  saving  time  in  collection  and  delivery  and  expense  in  distribution. 

In  addition  to  the  buildings  enumerated  above,  several  others  have  been  con- 
structed for  various  purposes  as  follows: 

A  fire  house  for  the  use  of  the  San  Francisco  Fire  Department,  located  on  the 
balkhead  wharf  between  Piers  22  and  24.  This  is  a  two-story  timber  building,  38 
fc-et  by  62  feet  in  size,  covered  with  cement  plaster  and  containing  a  garage  for  a 
motor  drive  engine,  with  living  and  sleeping  rooms  for  the  company.  This  building 
was  completed  in  April,  1915. 

A  building  for  the  use  of  the  launch  companies,  located  on  the  bulkhead  north  of 
Pier  16  and  containing  storerooms  and  offices.  This  building  is  20  feet  by  164  feet 
in  size,  is  constructed  of  timber  and  covered  with  cement  plaster.  It  was  completed 
in  March,  1916. 

A  small  ticket  office  for  the  Southern  Pacific  Creek  Route  ferry,  21  feet  by  30 
feet  in  size,  of  timber  covered  with  cement  plaster.  This  was  completed  in  January, 
1916. 

A  timber  shed  for  the  American  Express  Company  on  the  dolphin  between  Slips  0 
and  10.  The  front  portion  is  60  feet  by  100  feet,  the  rear  65  feet  by  an  average 
width  of  82  feet     This  was  completed  in  August,  1915. 

5.    Street  Work  and  Maintenance. 

On  account  of  the  increase  in  vehicular  traffic  during  the  last  two  years,  the 
paving  force  has  been  extremely  busy  on  repair  work.  In  addition  to  this,  a  con- 
siderable amount  of  new  work  has  been  done  by  contract  as  follows : 

Sewering  and  paving  the  southerly  half  of  Bryant  street  between  Main  and  Spear 
streets,  and  the  easterly  half  of  Spear  street  from  The  Embarcadero  to  near  Harrison 
street,  mentioned  in  the  last  report.     This  was  completed  in  November,  1914. 

Sewering  and  paving  The  Embarcadero  from  Pier  34  to  Pier  26,  also  mentioned  in 
the  last  report.    This  was  completed  in  September,  1914. 

Paving  the  approaches  to  The  Embarcadero  on  Main  and  Fremont  streets;  com- 
pleted in  November,  1914. 
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Laying  an  asphalt  sidewulk  from  Pier  3  to  Pier  13;  completed  in  December,  1914. 

Pavinj?  Jefferson  street  between  Leavenworth  and  Ilj'de  streets;  completed  in 
April,  1935. 

Paving  that  i)ortion  of  The  Embarcadero  between  Market  and  Folsom  streets 
reclaimed  by  the  construction  of  the  seawall,  and  laying  a  concrete  sidewalk  to  soath 
of  the  Post  Office.  To  provide  for  settlement,  the  pavement  was  constructed  of 
bituminous  macadam,  the  intention  being  to  replace  it  with  permanent  material  when 
the  subsidence  has  stopped.     This  work  was  completed  in  December,  1915. 

Paving  The  Embarcadero  between  Brannan  and  Harrison  streets;  completed  in 
February,  1910. 

Laying  an  ssphalt  sidewalk  on  the  east  side  of  Sansome  street,  between  Lombard 
and  Chestnut  streets ;  completed  in  January,  1916. 

6.     Electrical  Department. 

The  electrical  department  during  the  past  two  years  has  been  continuing  the  wrork 
of  extending  the  underground  system  of  state  wires,  both  for  lighting  and  signal 
purposes. 

The  electric  lighting  system  along  The  Embarcadero  has  been  extended  from 
Pier  22  northerly  to  the  Ferry  Building  and  from  Pier  27  northerly  to  the  car  ferry 
slips  at  the  foot  of  Mason  street ;  25  additional  electroliers  have  been  installed 
between  Pier  22  and  the  Fero'  Building,  and  30  are  being  placed  north  of  Pier  27. 
When  the  installation  of  the  latter  is  completed,  there  will  be  a  continuous  line  of 
high  efficiency  electroliers,  140  in  number,  from  Channel  street  to  Mason  street, 
directly  controlle<l  from  the  central  switchboard  in  the  Ferry  Building. 

Pier  illumination  has  been  greatly  improved  by  the  substitution  of  the  new 
nitrogen  lamp  for  the  old  style  Mazda  type,  and  Piers  24,  22,  20,  18,  IG,  9,  35  and 
37,  the  Post  Office,  Wells  Fargo  &  Company's  building,  American  Express  Company's 
office,  launch  offices  and  the  fire  house  have  been  wired. 

Tho  lighting  of  the  Ferry  Building,  which  was  quite  unsatisfactory,  has  been 
bettered  by  the  introduction  of  a  system  of  indirect  lighting,  which  has  also  been 
instated  in  the  I'ost  Office  and  other  buildings  in  the  vicinity. 

The  underground  conduit  system  for  Harbor  Commission  wires,  which  is  planned 
between  Channel  and  Mason  streets,  has  been  extended  to  Pier  11  from  Harrison 
strept ;  conduits  are  now  being  placed  in  sections  2  and  3  of  the  seawall,  and  the 
section  from  Pier  11  to  Mason  street  is  about  75  per  cent  completed. 

In  conformity  with  plans  adopted  some  years  ago,  all  poles  and  overhead  wires, 
with  tha  exception  of  those  owned  by  th?  street  railroads,  have  been  placed  under- 
ground. 

Twenty-two  new  fire  boxos  have  been  authorized  and  are  being  installed  on  The 
Embarcadero;  these  are  connected  with  the  fire  alarm  system  of  the  city. 

A  new  system  of  89  fire  alarm  boxes  has  also  been  installed  in  the  Ferry  Building 
and  is  to  be  connected  with  the  city's  system. 

Thft  remote  control  system  has  been  enlarged  to  include  all  street  and  pier  lighting 
between  Channel  and  Mason  streets. 

Tugs  and  dredgers. 

Besides  the  routine  work  of  dredging,  this  department  has  been  engaged  in  pulling 
piles  at  th".  sites  of  new  piei-s  before  and  after  completion. 

As  mentioned  in  the  last  report,  the  equipment,  owing  to  its  age,  entails  excessive 
cost  of  maintenance,  which  is  growing  larger  yearly,  and  the  time  will  soon  arrive 
w^hen  as  a  matter  of  economy  its  replacement  should  be  considered.  This  is  particu- 
larly the  case  with  scows  at  present  in  use,  some  of  which  are  30  years  old  and  have 
been  in  service  continuously. 

Testing  department. 

Since  the  last  reijoii,  the  testing  laboratory  has  increased  in  size  and  equipment. 
The  installation  of  tho  l.iO.rMJO-pound  machine  has  rendered  possible  the  physical 
testing  of  all  structural  metals,  concrete,  brick,  etc.,  in  addition  to  which  the  local 
shop  inspection  of  structural  steel  has  also  been  handled. 

An  important  part  of  the  work  of  this  department  has  been  the  investigation  of 
asphaltic  cements,  asphaltic  concrete,  prepared  roofing,  saturated  felts  and  paints 
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for  structural  steel,  wood  and  concrete.  The  work  of  the  department  along  these 
lines  has  saved  the  state  many  thousands  of  dollai's  and  it  would  be  extremely  unwise 
to  curtail  this  work,  as  proposed,  by  the  reduction  or  elimination  of  the  force 
emp]oyi>d. 

In  addition  to  the  regular  work  of  the  Harbor  Commission,  numerous  tests  have 
been  made  for  the  State  Department  of  Engineering  and  the  Highway  Commission, 
these  trsts  have  been  made  without  charge,  and  have  been  of  material  assistance  to 
the  two  departments. 
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IRRIGATION. 


Irrigation  is  defined  as  the  watering  of  land  by  artificial  means  to 
promote  the  growth  of  agricultural  crops. 

It  is  one  of  the  oldest  arts  of  man,  antedating  historical  records,  as 
evidenced  by  the  remains  of  irrigation  works  in  Asia,  Africa  and  the 
Western  Hemisphere.  Modern  canals  in  Mesopotamia  utilize  portions 
of  old  conduits  believed  to  have  been  irrigating  canals  used  in  the  days 
when  Adam  was  condemned  to  ''eat  bread  in  the  sweat  of  his  face.'' 

Irrigated  lands  are  usually  fertile,  and  irrigation  tends  to  intensive 
cultivation.  In  Italy  800  people  to  the  square  mile  live  and  draw  their 
sustenance  from  irrigated  lands.  In  Egypt  900,  and  in  parts  of  India 
1200  are  supported  on  a  square  mile. 

Modern  irrigation  in  California  dates  back  nearly  150  years  to  the 
founding  of  the  missions  by  Junipero  Serra  and  his  intrepid  compa- 
triots; the  ruins  of  whose  works  testify  to  the  energy  and  versatility 
displayed  by  those  wonderful  men. 

Evidence  also  exists  which  indicates  that  irrigation  had  been 
attempted  long  before  the  coming  of  the  padres.  In  Kern  and  Tulare 
counties  are  old  ditches  in  the  bottoms  of  which  large  oak  trees,  cen- 
turies old,  are  growing.  When  white  people  discovered  them,  the 
oldest  Indians  had  no  traditions  concerning  their  builders.  Nor  do  the 
records  of  the  missions  show  that  any  settlements  ever  were  made  by 
the  Franciscans  in  the  far  interior. 

Speculation  suggests  that  possibly  a  Spanish  galleon  voyaging  from 
the  Philippines  some  time  in  the  sixteenth  century,  being  chased  from 
its  course  by  an  English  privateer,  was  wrecked  on  the  coast.  The 
crew  might  have  wandered  inland  and  attempted  to  establish  irrigation 
as  it  was  practiced  in  the  fatherland.  This  theory  is  strengthened  by 
the  fact  that  in  the  early  days  of  white  settlement,  in  the  country  about 
the  old  ruins,  many  articles  were  found,  such  as  sword-blades,  spear 
heads  and  knives,  of  Spanish  manufacture,  and  crude  homemade  spurs 
of  Castilian  pattern. 

When  irrigation  was  introduced  into  California  will  probably  never 
be  known,  but  its  effects  on  production  of  the  necessaries  and  luxuries 
of  life  are  recognized  the  world  over. 

In  all  the  countries  of  the  world  which  keep  records  of  such  things 
(excepting  China)  there  are  said  to  be  100,000,000  acres  of  land*  sus- 
ceptible of  irrigation,  of  which  45,000,000  acres  are  in  the  United  States. 

According  to  a  census  taken  in  1912  for  the  California  Conservation 
Commission  the  state  contains  about  21,000,000  acres  of  tillable  land 
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that  would  be  benefited  by  irrigation  if  water  could  be  obtained  and 
applied. 

The  records  of  stream  flow^  indicate  that  the  annual  run-off  of  water 
from  all  the  streams  in  the  state  aggregates  60,000,000  acre-feet,  or 
nearly  three  acre-feet  of  water  for  every  acre  of  irrigable  land. 

But,  unfortunately,  only  a  small  portion  of  that  large  quantity  can 
be  made  available.  Most  of  the  run-off  is  in  winter  and  spring  floods, 
at  such  times  when  the  lands  do  not  need  the  water,  and  in  such  quanti- 
ties that  only  a  small  part  could  be  diverted  for  use  if  the  lands  were 
ready  for  it. 

It  is  estimated  that  about  11,000,000  acres  of  irrigable  lands  can  be 
irrigated  at  a  cost  not  prohibitive,  and  it  is  not  improbable  that  when 
all  of  this  land  is  brought  under  cultivation,  scientific  methods  will 
enable  a  given  quantity  of  water  to  efficiently  serve  a  larger  area  than 
now  obtains. 

By  scientific  methods  is  meant,  not  alone  the  application  of  science 
in  methods  of  procuring  the  water,  of  storing  it,  and  of  conveying  it 
long  distances,  without  unnecessary  loss — not  only  scientific  methods  of 
applying  water  to  the  lands  in  the  proper  quantities  at  the  right  times 
and  in  the  correct  way  to  get  the  greatest  benefits;  but  science  will 
teach,  as  well,  the  kinds  of  crops  and  the  best  way  to  manipulate  the 
soils  so  as  to  conserve  the  moisture. 

"Brain  and  brawn"  must  be  used  with  the  water  in  its  application 
before  the  fruits  of  irrigation  shall  be  harvested  to  their  uttermost 
fullness.  When  it  is  known  that  a  community  has  a  fixed  and  limited 
quantity  of  water  for  its  lands,  it  must  learn  what  kind  of  crops  will 
give  the  best  returns  for  that  amount  of  water,  and  no  one  must  be 
permitted  to  cultivate  other  crops  which  demand  a  larger  quantity. 

"When  it  is  known  that  vigorous  stirring  of  the  soil  will  conserve  the 
water  applied  in  irrigation  by  preventing  evaporation,  the  area  served 
can  be  extended  to  the  extent  that  the  water  is  saved  from  evaporation. 

Experiment  has  shown  that  where  water  was  applied  to  soil  to  the 
depth  of  six  inches  and  the  soil  left  untouched  after  the  water  was 
absorbed,  the  loss  by  evaporation  in  three  weeks  amounted  to  one  and 
three-fourths  inches,  or  nearly  30  per  cent.  When  the  surface  of  the 
soil  was  stirred  so  as  to  produce  a  mulch  three  inches  deep  the  evapora- 
tion was  three-fourths  of  an  inch,  or  12^  per  cent  of  the  water  applied. 
and  when  the  mulch  was  nine  inches  in  depth  the  loss  from  evaporation 
amounted  to  only  four-tenths  of  an  inch  of  water  or  less  tlian  7  per  cent 
of  that  applied.     The  conclusions  deduced  from  tlie  experiments  are: 

1.  A  dry,  granular  mulch  three  inches  deep  will  save,  other 
conditions  being  equal,  at  least  one-half  of  the  loss  from  an 
unmulched  surface. 

2.  A  like  mulch  six  inches  deep,  will  save  75  per  cent  of  the 
evaporation  from  an  unmulched  surface. 
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3.  In  Gompariog  the  efficiency  of  a  six-inch  mulch  with  a  nine- 
inch  mulch,  the  result  shows  a  considerable  saving  in  water  by  the 
deeper  mulch,  but  the  cost  of  cultivation  and  other  practical  con- 
siderations would  seem  to  limit  the  depth  to  six  inches  or  less. 

The  following  figure  graphically  illustrates  the  loss  occurring  fnHn 
evaporation  as  just  described. 


But  this  is  not  the  only  preventable  loss.  Ditches  excavated  in 
broken  rock  and  absorbent  soil  lose  a  large  part  of  the  water  carried 
by  them.  DiflEerent  degrees  of  porosity,  of  course,  aflEect  the  amount 
of  loss  from  percolation.  In  some  eases  in  mind,  where  the  water  is 
conveyed  several  miles  in  side-hill  ditches,  it  is  found  that  when  only 
100  second-feet  of  water  is  available  at  the  head  of  the  ditch  the  loss 
between  that  point  and  the  nearest  point  of  use  is  100  per  cent.  That 
is  to  say,  all  is  lost  and  unless  more  than  the  quantity  stated  can  be 
turned  in  no  attempt  is  made  to  take  any. 

Government  investigators  have  reported  that  the  average  losses  of 
water  in  its  application  for  irrigation  was  60  per  cent,  and  not  infre- 
quently only  20  per  i-ent  of  that  delivered  to  the  land  was  usefully 
applied. 

"With  20  to  50  per  <'eiit  of  the  water  diverted  lost  in  transmission 
through  leaking  conduits,  60  per  cent  of  that  reaching  the  lands  wasted 
by  wrong  methods  of  application  and  30  per  cent  of  that  correctly 
applied  being  lost  by  preventable  evaporation,  aggregating  a  total  loss 
of  80  per  cent  and  leaving  only  about  20  per  cent  of  that  diverted  to 
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be  utilized  in  support  of  plant  life  it  is  i>lainly  seen  that  much  remains 
to  be  done  by  conservation. 

Storage  of  waste  flood  waters,  conveying  them  in  nonleaking  conduits, 
economical  application  to  the  soils,  selection  of  crops  best  adapted  to 
the  conditions,  and  thorough  cultivation  to  reduce  evaporation,  all  will 
conduce  to  the  great  extension  of  irrigated  areas  with  the  waters 
available. 

Several  agencies,  federal  and  state,  are  engaged  in  research  with  a 
view  of  some  day  bringing  the  water  to  the  land  and  getting  the  most 
out  of  it. 

It  is  known  that  many  opportunities  exist  for  storing  waste  waters, 
and  these  are  being  examined,  measured  and  catalogued  as  opportunity 
and  funds  permit.  In  many  localities  are  underground  stores  of  water. 
Their  extent  and  availability,  as  well  as  means  of  increasing  them,  are 
being  studied  as  extensively  as  means  are  provided. 

These  investigations  are  being  conducted  by  the  Department  of  Engi- 
neering and  other  agencies  of  the  state,  acting  alone  or  in  cooperation 
with  various  departments  of  the  national  government. 

The  state  and  government  cooperate  in  experiment  and  investigation 
into  the  matters  of  applying  water  for  irrigation  and  its  effects  on 
different  crops.  The  reports  upon  these  matters  are  published  from 
time  to  time  as  bulletins  and  in  the  aggregate  contain  a  vast  amount  of 
valuable  information. 

IRRIGATION  DISTRICTS. 

The  gradual  decline  of  wheat  farming  on  the  dry  plains,  with  a 
demonstration  in  a  few  favored  spots  of  the  benefits  to  be  had  from 
irrigation,  stimulated  a  desire  on  the  part  of  homesteaders  to  irrigate 
their  lands.  But  to  build  diversion  dams  and  long  canals  is  expensive 
and  wholly  beyond  the  financial  ability  of  the  individual  farmer  to 
accomplish. 

The  need  for  some  method  of  cooperation  led  to  the  enactment  in 
1887  of  the  so-called  Wright  Irrigation  District  Law.  Under  this  law 
many  districts  were  formed.  Many  of  them  were  meritorious,  but 
most  were  created  without  knowledge  of  the  elements  necessary  to 
buececB.     Some  were  speculative — ''wildcat''  schemes,  pure  and  simple. 

The  administration  of  the  act  was  beset  by  many  difficulties  and  led 
to  prolonged  and  costly  litigation.  Practically  every  provision  was 
attacked  in  the  courts  and  some  of  the  cases  were  carried  to  the  highest 
courts  of  the  nation  for  decision. 

In  1897  the  Bridgeford  act  was  passed,  embracing  the  best  parts  of 
the  old  Wright  act  and  other  provisions  which  the  court  decisions  and 
experience  had  shown  to  be  desirable.  From  the  passage  of  the  original 
Wright  acty  March  7,  1887,  great  activity  was  manifest  in  cooperative 
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attempts  to  extend  irrigation.  Within  eight  years  49  districts  were 
organized.  The  years  of  greatest  activity  were  1890  and  1891  when 
11  and  13  districts,  respectively,  were  brought  into  being. 

The  49  districts  embraced  more  than  2,000,000  acres  of  land,  and 
the  several  districts  voted  an  aggregate  of  upwards  of  $18,000,000  in 
bonds  with  which  to  finance  their  several  schemes. 

That  the  proponents  of  irrigation  under  the  district  system  were 
overzealous  is  shown  by  the  fact  that  only  nine  of  the  entire  number 
formed  succeeded  in  maintaining  and  operating  their  organizations. 

The  various  causes  which  led  to  the  nonsuccess  of  the  districts  is 
clearly  set  forth  in  a  history  of  irrigation  districts  compiled  by  Prank 
Adams,  irrigation  manager,  OflSce  of  Public  Roads  and  Rural  Engi- 
neering, United  States  Department  of  Agriculture,  and  published  early 
in  1916  by  this  department  as  Bulletin  No.  2. 

The  demand  for  the  little  volume  was  so  great  that  the  issue  was 
quickly  exhausted  and  to  meet  the  frequent  requests  for  copies  it  is 
herewith  reprinted  as  Appendix  B  to  this  report.  A  perusal  of  this 
history  is  commended  to  the  student  of  cooperative  effort  for  industrial 
development. 

As  stated  above,  only  nine  of  the  districts  created  under  the  Wright 
act  survived,  and  the  struggles  of  eight  of  them  to  live  through  the 
years  of  adversity  were  nothing  short  of  heroic.  The  one  lone  excep- 
tion was  Walnut  Di.striot  in  Lcs  Angeles  County,  containing  870  acres. 
It  acquired  an  existing  ditch  system  which  it  has  continued  to  success- 
fully operate  without  resort  to  a  bond  issue. 

Some  of  the  other  districts  never  progressed  to  the  point  of  issuing 
bonds.  Others  voted  bonds  in  varying  amounts,  from  $3  to  $88  an 
acre.  It  is  said  that  not  one  of  those  issuing  bonds  but  at  some  time 
defaulted  in  interest  payments. 

Nearly  all  of  those  surviving  compromised  with  the  bondholders  and 
either  paid  off  their  indebtedness  in  cash  at  a  great  reduction,  or  issued 
new  bonds  which  were  exchanged  for  the  old  ones,  in  some  cases  paying 
less  than  30  per  cent  of  the  face  value  of  the  indebtedness. 

The  causes  for  the  failure  of  the  districts  were  so  numerous,  and  are 
so  well  explained  in  the  appendix  above  named,  it  is  not  necessary  to 
enumerate  them  here.  Lest  the  reader  should  unthinkingly  condemn 
the  irrigation  district  system,  he  is  earnestly  urged  to  read  the  history 
of  the  rise  and  progress  of  the  districts  as  set  forth  by  Mr.  Adams. 

Most  of  those  districts  which  reorganized,  paid  off  their  indebtedness, 
and  again  started  with  a  clean  balance  sheet,  as  it  were,  have  been 
successful  in  building  up  prosperous  communities. 

The  Wright  act,  in  its  general  provisions,  was  incorporated  into  the 
laws  of  many  western  states  and  the  results  in  all  were  very  similar  to 
those  in  California. 
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The  experience  of  investors  who  lost  not  only  the  interest  for  a  long 
term  of  years,  but  as  stated  above,  also  sacrificed  a  large  part  of  the 
principal  invested,  caused  all  bonds  issued  for  the  development  oE 
irrigation  enterprises  to  be  regarded  with  ill  favor  in  the  financial 
marts  of  the  w^orld.  It  became  impossible  for  irrigation  districts  in 
California  or  elsewhere,  no  matter  how  meritorious  the  project  might 
be,  to  dispose  of  their  bonds  excepting  at  ruinous  rates  of  discount. 

With  a  view  of  restricting  the  haphazard  formation  of  districts  and 
of  controlling  the  administration  of  those  formed  so  as  to  make  it  more 
difficult  to  create  indebtedness,  drastic  changes  were  made  in  the  law 
by  the  substitution  in  1897  of  the  Bridgeford  act  for  the  Wright  law. 
Further  amendments  w-ere  enacted  from  time  to  time,  all  looking  to 
raising  the  credit  of  irrigation  districts  to  a  firm  basis. 

One  of  the  reasons  given  for  the  Iom'  value  of  irrigation  district  bonds 
was  the  fact  that  they  were  not  available  for  all  the  purposes  accorded 
to  school  district,  county  and  city  bonds.  Because  of  the  uncertainty 
inherent  in  many  irrigation  enterprises  as  to  their  ability  to  develop, 
and  the  absence  of  authority  outside  of  the  district  itself  to  determine 
the  feasibility  of  successful  development,  it  was  diflScult  to  enlist  legis- 
lative sanction  to  placing  irrigation  district  bonds  on  a  parity  with  the 
others  mentioned.  A  law  was  enacted  in  1911,  and  since  amended, 
providing  that  irrigation  district  bonds  would  be  given  all  of  the 
privileges  accorded  to  other  bonds  provided  they  were  certified  by  the 
State  Controller  as  having  been  approved  by  a  commission  created  for 
the  purpose. 

In  1913  the  district  law  was  amended  so  as  to  require  the  State 
Engineer  to  examine  and  report  upon  the  feasibility  of  the  project 
before  the  organization  of  a  proposed  district.  Also  re(iuiring  plans 
and  estimates  to  be  submitted  for  his  approval  before  bonds  could  be 
issaed. 

While  these  provisions  of  the  law  are  quite  fully  abstracted  in  the . 
addenda  to  Appendix  B,  it  is  considered  desirable  to  epitomize  here 
those  provisions  wherein  the  Department  of  Engineering  is  brought 
into  close  relations  with  the  formation  of  new  districts  and  the  issuance 
of  bonds  by  all  districts  for  the  acquisition  of  water  or  of  works  to 
aupply  water  to  the  districts. 

OrganizatioiL 

To  organize  a  district  there  must  be  presented  to  the  Board  of  Super- 
visors of  the  county  in  which  the  proposed  district  is  situated  or  in 
which  the  greater  part  lies,  a  petition  praying  for  the  organization  of 
such  district.  Said  petition  must  be  signed  by  a  majority  in  number 
of  the  landowners  within  the  district,  representing  a  majority  of  the 
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value  of  the  lands  in  the  district  according  to  the  last  equalized  assess- 
ment thereof  made  by  the  County  Assessor.  Said  petition  must  be 
presented  at  a  regular  meeting  of  the  board. 

A  notice  that  said  petition  will  be  presented  must  be  advertised  in 
some  newspaper,  having  a  general  circulation  in  the  proposed  district, 
for  a  period  of  two  weeks  before  the  date  of  presenting  it  to  the  Board  of 
Supervisors.  Said  notice  must  recite  the  intention  to  present  the 
petition,  state  the  source  or  sources  of  water  supply  and  the  lands  to 
be  embraced  in  the  district,  or  the  boundaries  thereof.  On  or  before 
presenting  the  petition  a  copy  of  the  notice  must  be  filed  in  the  oflSee 
of  the  State  Engineer. 

Upon  its  presentation  the  board  proceeds  to  consider  the  matter  as 
to  whether  the  petition  contains  the  names  of  a  majority  of  the  property 
owners,  and  whether  the  petitioner  represents  a  majority  of  the  value  of 
land  in  the  district. 

Minor  irregularities  are  not  considered,  but  finding  that  the  petition 
complies  with  the  requirements  of  law  in  the  two  matters  mentioned, 
the  board  by  resolution  so  declares;  directs  a  copy  of  said  resolution  to 
be  forwarded  to  the  State  Engineer;  and  continues  hearing  thereon 
'*for  one  month  or  from  time  to  time  fwt  exceeding  07ie  month  in  all/* 

The  State  Engineer  is  required  to  make  such  examination  of  the 
project  as  he  deems  necessary.  He  gives  particular  attention  to  the 
following  three  matters: 

1.  Whether  there  is  a  sufficient  supply  of  water  available. 
The  proponents  of  the  district  may  not  have  a  right  to  any 
water,  but  if  it  can  be  had  by  appropriation  under  the  laws 
of  the  state,  or  if  there  is  a  sufficient  quantity  that  may  be 
purchased,  or  if  water  in  sufficient  quantity  is  being  used  for 
other  purposes  and  can  be  acquired  by  condemnation  under 
right  of  eminent  domain,  it  is  *' available. " 

2.  Whether  the  lands  are  susceptible  of  irrigation.  By  ''sus- 
ceptible of  irrigation"  is  taken  to  mean  that  by  irrigation 
the  production  and  value  of  crops  will  be  enhanced  to  an 
extent  commensurate  with  the  cost. 

3.  Whether  the  water  and  the  works  to  deliver  it  to  the  land 
will  not  cost  more  than  the  lands  can  reasonably  pay. 

Finding  the  three  conditions  favorable,  the  district  is  feasible  and  the 
State  Engineer  reports  to  the  Board  of  Supervisors  that  he  does  not  find 
anything  that  would  warrant  him  in  reporting  against  the  formation  of 
the  district. 

If  the  State  Engineer  reports  that  the  district  is  not  feasible  and 
makes  no  recommendations  for  changes,  then  hearing  by  the  board  must 
be  continued  for  one  month  and  then  dismissed,  unless  a  petition  be 
then  presented  signed  by  three-fourths  of  the  landowners  in  the  district, 
praying  for  the  formation  of  the  district.    In  such  case,  the  Board  of 


HYDROECOXOMTCS — TRRTGATION   DISTRICTS.  133 

Supervisors  may  complete  the  formation  of  the  district  notwithstanding 
the  adverse  report  of  the  State  Engineer. 

The  State  Engineer  may  find  that  the  available  supply  of  water  is 
not  sufficient  for  the  purposes  of  the  district  as  proposed,  in  which  case 
he  may  recommend  another  or  additional  source,  or  the  modification  of 
the  area  of  the  district  to  correspond  with  the  water  supply.  He  may 
recommend  the  exclusion  of  lands  not  susceptible  of  irrigation,  or  the 
inclusion  of  other  desirable  lands  in  the  district. 

His  recommendations  may  be  adopted  by  the  board  or  not,  as  it 
pleases,  but  unless  he  reports  against  the  formation  of  the  district,  it 
may  be  formed  as  the  board  sees  fit.  The  State  Engineer's  recom- 
mendations are  advisory  only. 

Should  the  State  Engineer  fail  to  report,  **it  shall  not  jeopardize 
the  formation  of  the  district,"  the  law  says,  and  in  the  absence  of  a 
report  the  Board  of  Supervisors  may  authorize  the  formation  of  the 
district. 

The  State  Engineer's  report  having  been  favorable,  or  his  recom- 
mendations approved,  the  Hoard  of  Supervisors  fixes  a  time  for  election, 
appoints  election  officers  and  advertises  the  date  and  purpose  of  the 
election  to  form  the  district. 

At  the  election,  all  persons  qualified  to  vote  at  any  general  election 
may  participate.  In  addition  to  voting  upon  the  question  of  organizing 
the  district,  the  electors  also  vote  for  the  officers  of  the  district,  three 
or  five  directors,  as  indicated  in  the  petition,  and  ordered  by  the  Board 
of  Supervisors,  an  assessor  and  tax  collector. 

The  result  of  the  election  is  canvassed  by  the  Board  of  Supervisors. 
A  majority  vote  carries,  and  upon  the  (lualification  of  the  officers  elect 
they  assume  charge  of  the  affairs  of  the  district. 

The  directors  of  a  district  are  authorized  to  incur  indebtedness  in 
behalf  of  the  district,  for  engineering  services  and  other  business  of  the 
district  to  the  extent  of  50  cents  an  acre,  or  in  case  of  a  district  of  less 
than  4,000  acres,  the  limit  of  indebtedness  is  $2,000.  Against  this 
indebtedness  and  pending  the  collection  of  assessments  warrants  may  be 
issued  against  the  district  treasury,  which  warrants  when  registered  in 
the  district  treasury  draw  interest  at  the  rate  of  7  per  cent  a  year. 

Bonds. 

A  district  desiring  to  issue  bonds  for  the  purpose  of  acquiring  water, 
water  rights  and  irrigation  works,  submits  plans  therefor,  together  with 
estimates  of  cost,  to  the  State  Engineer.  The  plans  are  required  to  he 
prepared  by  a  competent  hydraulic  engineer. 

The  State  Engineer  examines  the  plans,  makes  such  additional 
surveys  and  investigations  as  he  deems  nc^cessary  and  within  90  days 
must  report  his  conclusions  to  the  board  of  directors  of  the  district. 
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He  may  recommend  changes  in  the  plans,  and  submits  his  estimate  of 
the  amount  of  bonds  necessary  to  carry  out  the  project  under  the  plans 
as  approved  or  modified  by  him. 

In  the  light  of  the  recommendations  of  the  State  Engineer,  the  board 
of  directors  determines  the  amount  of  bonds  required,  and  so  declares 
by  resolution  entered  in  the  minutes  of  its  meetings. 

The  report  and  recommendations  of  the  State  Engineer  are  advisory 
only,  and  may  be  ignored  by  the  directors,  who  may  determine  accord- 
ing to  their  own  ideas,  how  much  bonds  are  required. 

After  the  board  has  recorded  its  conclusions  as  to  the  amount  of  bond 
issue,  a  petition  must  be  presented  praying  that  an  election  be  called 
upon  the  question  of  issuing  bonds.  The  petition  must  be  signed  by 
the  landowners  representing  a  majority  of  the  area  of  the  district. 

After  due  hearing  upon  the  petition  an  election  is  ordered  and  if  the 
vote  is  favorable  by  two-thirds  voting  therefor,  the  bonds  are  issued. 

Bonds  of  an  irrigation  district  may  bear  interest  not  exceeding  6  per 
cent  a  year.     They  are  sold  on  competitive  bids  to  the  highest  bidder. 

Interest  and  principal  of  bonds  are  paid  from  taxes  levied  upon  the 
lands. 

No  sinking  fund  is  provided  for  the  redemption  of  bonds,  but  in  lieu 
of  such  a  fund,  the  bonds  are  issued  in  series,  and  redeemed  at  specified 
times  in  progressively  increasing  percentages  of  the  whole ;  as  at  21  years 
after  issuance  2  per  cent  are  redeemed.  In  the  22d  year,  2  per  cent 
more.  In  the  23d  and  24th  years,  3  per  cent  each,  and  so  on  to  the 
39th  and  40th  years  when  8  per  cent  of  the  principal  each  year  is  paid 
off  and  the  debt  canceled. 

Some  districts  elect  to  begin  paying  off  the  bonds  at  an  earlier  date, 
depending  upon  the  prospects  for  more  or  less  rapid  development  of 
the  district.  It  is  considered  poor  economy  to  continue  paying  interest 
upon  the  whole  issue  after  all  the  district  has  been  brought  under  culti- 
vation and  the  lands  presumably  have  reached  a  paying  basis. 
Validation  of  bonds. 

Prior  to  1911,  irrigation  district  bonds  were  not  available  for  all  pur- 
poses that  other  municipal  bonds  are,  that  is,  they  were  not  available  for 
investments  of  trust  funds,  savings  and  insurance  funds,  state  school 
funds,  and  could  not  be  deposited  with  the  State  Treasurer  as  security 
for  many  purposes  for  which  county,  city  or  school  district  bonds  are 
accepted. 

In  1911  the  le.ijislature  passed  an  act  which  was  amended  in  1913, 
providing  that  irrigation  district  bonds  should  be  available  for  all  the 
purposes  named,  provided^  they  bear  a  certificate  of  the  State  Controller 
reciting  that  they  are  available  for  those  purposes,  and  that  said  bonds 
are  entitled  to  said  privileges  by  virtue  of  an  examination  made  by  a 
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commission,  composed  of  the  State  Engineer,  State  Superintendent  of 
Banks  and  State  Attorney  General. 

A  district  desiring  to  have  its  outstanding  bonds  or  a  contemplated 
issue  made  available  for  all  the  purposes  named,  by  its  board  of  directors 
applies  to  the  commission  to  have  its  project  examined  for  which  the 
bonds  are  or  will  be  iasued. 

The  theory  of  the  composition  of  the  commission  is  that  the  State 
Engineer  will  pass  upon  the  engineering  features  of  the  enterprise ;  the 
Attorney  General  upon  the  legality  of  all  proceedings  and  validity  of 
water  rights,  etc..  and  the  Superintendent  of  Banks  will  ascertain  the 
suflSciency  of  security  offered  by  the  district  and  the  general  safety 
of  the  bonds  as  an  investment. 

The  Irrigation  District  Bond  Commission  upon  request  from  a  board 
of  directors,  proceeds  to  make  a  thorough  investigation  of  the  districts 
and  its  affairs  and  reports  in  writing  with  particular  attention  to  the 
following  matters : 

(a)  The  supply  of  water  available  for  the  project  and  the  right 
of  the  district  to  so  much  water  as  may  be  needed. 

(6)  The  nature  of  the  soil  as  to  its  fertility  and  susceptibility  to 
irrigation,  the  probable  amount  of  water  needed  for  its  irrigation, 
and  the  probable  need  of  drainage. 

(c)  The  feasibility  of  the  district's  irrigation  system  and  of  the 
specific  project  for  which  the  bonds  under  consideration  are  desired 
or  have  been  iLsed,  whether  such  system  and  project  be  constructed, 
projected  or  partially  completed. 

(d)  The  reasonable  market  value  of  the  water,  water  rights, 
canals,  reservoirs,  reservoir  sites  and  irrigation  works  owned  by 
such  district  or  to  be  acquired  or  constructed  by  it  with  the  pro- 
ceeds of  any  of  such  bonds. 

(e)  The  reasonable  market  value  of  the  lands  included  within 
the  boundaries  of  the  district, 

(/)  Whether  or  not  the  aggregate  amount  of  the  bonds  under 
consideration  and  any  other  outstanding  bonds  of  said  district, 
including  bonds  authorized  but  not  sold,  exceeds  sixty  per  centum 
of  the  aggregate  market  value  of  the  lands  within  said  distri(*t  and 
of  the  water,  water  rights,  canals,  reservoirs,  reservoir  sites,  and 
irrigation  works  owned,  or  to  be  acquired  or  constructed  with  the 
proceeds  of  any  of  said  bonds,  by  said  district,  as  determined  in 
accordance  with  paragraphs  (d)  and  (c)  in  this  section. 

(g)  The  numbers,  date  or  dates  of  issue  and  denominations  of 
the  bonds,  if  any.  which  the  commission  shall  find  are  available 
for  the  purposes  provided  for  in  section  7  of  this  act,  and,  if  the 
investigation  has  covered  contemplated  bonds,  the  total  amount 
of  bonds  which  the  district  can  issue  without  exceeding  the  limita- 
tion expressed  in  paragraph  (/)  of  this  section. 

The  written  report  of  tVe  commission  is  filed  in  the  office  of  the  State 
Controller  and  forms  the  basis  for  his  certificate  that  the  bonds  of  the 
district  are  available  for  the  purposes  enumerated. 
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During  all  construction  work,  to  be  paid  for  out  of  the  proceeds  of 
the  sale  of  bonds,  the  district  is  required  to  make  periodical  reports  of 
progress  to  the  State  Engineer. 

The  State  Engineer  may  at  any  time  make  an  examination  of  the 
affairs  of  any  irrigation  district,  and  make  such  report  thereon  as  he 
may  deem  advisable. 

The  marked  advance  in  the  price  offered  for  irrigation  district  bonds 
bearing  the  certificate  of  the  State  Controller  is  evidence  that  the  safe- 
guards afforded  by  the  administration  of  the  amendments  just  quoted 
is  having  the  desired  effect  in  the  bond  markets.  The  latest  quotations 
have  placed  some  district  bonds  above  par  which  a  few  years  ago  were 
diflBcult  to  dispose  of,  even  at  a  substantial  discount. 

Attention  is  invited  to  certain  desirable  amendations  to  the  provisions 
of  law  as  above  set  forth,  which  are  here  briefly  discussed. 

Upon  the  Board  of  Supervisors  finding  that  a  petition  for  the  forma- 
tion of  a  district  conforms  to  the  requirements,  the  State  Engineer  is 
notified  and  continuance  ordered  for  a  period  not  to  exceed  one  month 
to  receive  his  report  as  to  the  feasibility  of  the  project. 

If  the  State  Engineer  receives  the  notice  of  the  board's  action 
promptly  and  is  prepared  to  enter  upon  the  examination  without  delay 
a  month  is  none  too  long  a  time  when  conditions  are  most  favorable. 

But  sometimes  several  days  elapse  (in  some  instances  three  weeks  or 
more)  between  the  day  of  fixing  the  date  to  receive  the  report  and  the 
receipt  by  the  State  Engineer  of  the  notice  of  the  board's  action. 

It  is  not  always  possible  to  detach  an  employee  of  the  department  from 
work  under  way,  and  that  circumstance  may  cause  delay. 

Frequently  the  proponents  of  a  district  have  little  or  no  reliable 
information  bearing  upon  the  project,  and  the  investigation  partakes  of 
original  research,  and  it  is  impossible  in  the  time  allotted  to  gather  suffi- 
cient data,  excepting  in  the  simplest  of  cases,  to  enable  the  investigator 
to  reach  conclusions  that  will  do  justice  either  to  himself  or  the  project. 

Furthermore,  the  authority  of  the  investigations  should  go  to  fixing 
tiie  boundaries  of  the  district.  It  would  seem  to  be  a  proper  function 
of  the  Department  of  Eugineering  to  make  all  necessary  preliminary 
investigations  for  the  proper  initiation  of  proceedings  to  organize  a  dis- 
trict. Oftentinias  proponents  of  a  meritorious  project  are  without  data, 
and  to  obtain  it  imposes  an  unjust  burden  upon  a  few. 

It  is  suggested  that  all  engineering  investigations  for  the  state  should 
l)e  made  by  the  Department  of  Engineering  at  the  state's  expense. 
There  seems  to  be  no  objection,  however,  to  having  the  district  reimburse 
the  state  as  soon  as  it  becomes  in  a  position  to  do  so. 

In  the  matter  of  a  district  issuing  bonds,  the  plans  of  work  proposed 
to  be  executed  from  the  pro(*ccds  must  be  submitted  to  the  State  Engi- 
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neer.  His  recommendatioDs  are  purely  advisory  and  may  be  accepted 
or  rejected  by  the  board  of  directors.  This  is  not  believed  to  be  con- 
sistent with  the  mandatory  provision  that  he  must  examine  the  plans 
prepared  by  the  district. 

Again :  The  law  provides  that  during  the  construction  of  work  to  be 
paid  for  from  the  proceeds  of  bonds,  copies  of  monthly  reports  made  to 
the  directors  must  be  sent  to  the  State  Engineer.  Many  districts  do  not 
exact  progress  reports  of  construction,  hence  do  not  have  copies  to  send. 

The  law  declares  that  the  State  Engineer  **may  at  any  time  make  or 
cause  to  be  made  an  examination  of  the  affairs  of  any  irrigation  district 
or  call  upon  the  authorities  of  such  district  for  such  information  as  he 
may  desire  and  make  such  report  thereon  as  he  may  deem  advisable. ' ' 
But  it  is  not  stated  to  whom  he  shall  report  nor  is  authority  given  to  him 
or  anyone  else  to  correct  matters  which  he  finds  need  correction. 

This  department  holds  that  when  the  state  has  given  moral  support 
to  a  district's  bonds  as  it  does  by  the  certificate  of  the  bond  commission, 
if  should  have  the  power  to  supervise  all  work  executed  with  the  funds 
obtained  from  such  bonds,  and  to  enforce  adherence  to  those  plans  upon 
which  the  commission  based  its  approval,  or,  if  the  plans  must  be 
changed,  such  alteration  should  be  approved  by  competent  state 
authority. 

New  districts. 

Since  the  date  of  .the  last  report,  to  November  1,  1916,  there  have 
been  16  applications  for  authority  to  organize  new  irrigation  districts. 
Twelve  were  favorably  considered,  two  were  not  reported  upon  for  lack 
of  time  to  make  the  necessary  investigations.  Otic  of  these  was  organ- 
ized imder  the  provision  that  failure  of  the  State  Engineer  to  report 
shall  not  jeopardize  or  delay  the  organization  of  a  district.  The  oth(»r 
failed  of  organization  by  adveree  vote  in  the  election. 

Two  proposed  districts  have  been  examined  and  procci^dintrs  arc  pend- 
ing at  the  date  of  this  writing,  November  1st. 

Five  of  the  districts  have  submitted  plans  for  approval  upon  which 
estimates  of  needed  bonds  were  made.  One  district  named  in  the  form(»r 
report  has  also  submitted  plans. 
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The  following  table  gives  information  in  detail  concerning  all  districts 
receiving  the  attention  of  the  State  Engineer  since  the  last  biennial 
report : 

TABLE   No.  13. 
Irrigation   Dlttrlctt   Examined  for  Organization  or  Bond   Issues,  1915-1916. 


District 


County 


>      Area 
Dat«  organiz«<d  ;     2ctin 


Alpaugh - 

ADdersoD'Oottonwood    

Cardiff   

Garmlchael 

Honey  Lake 

Jacinto    

Lindsay-Stratbmore  

Paradise    _ 

PrlDceton-Cordova-Glenn 

Southern   Lassen  

Stratford    

Terra  Bella 

Waterford    

Webster  

Westside    ., 


Tulare   '  Feb.  SB.  1915 

Shasta    ;  July  14,  19U 

San  Diego  Mar.  10,  1916 

Sacramento    i  Jan.    6,  1©16 

Lassen _ \  Aug.  29,  1916 


Glenn   . 
Tulare 
Butte   . 
Glenn   . 


Pending 
Oct.     8,  1915 
Feb. 

Pending 


.    Lasf>en    Dec.   21,  1915 

.1  Kings   __ _ May,        1916 

_    Tulare    Aug.    7,  1915 

Stanislaus  ^ - 

Madera  ._ |  May,        1916 

San  Joaquin  ■  Aug.,        1915 


15,775 
10,000 


31,000 
9,800 
12,670 
14,434 
15,000 
11,700 


Bond* 

authorized 


$283,000  OO 


90,OO0  00 
1,400.000  00 


1. 000,000  00 
517,000  00 


810,000  00 


Bonds  validated. 

In  the  discussion  of  the  relation  of  the  Department  of  Engineeringc 
to  irrigation  districts,  the  operation  of  the  bond  validation  act  was 
described. 

While  an  unvalidatcd  bond,  if  issued  by  a  sound  district,  may  be  a« 
good  an  investment  so  far  as  concerns  interest  on  the  money  it  repre- 
sents and  the  security  for  its  ultimate  payment  as  is  a  validated  bond, 
neverthele.ss  since  the  enactment  of  the  validation  act  unvalidated  bonds 
have  little  standing  in  the  bond  market. 

During  the  two  years  past  the  Bond  commission  has  received  request.s 
to  pass  upon  the  bonds  of  seven  districts,  two  of  which  have  been 
investigated  and  the  bonds  approved  as  follows : 


TABLE    No.   14. 

irrigation  Districts  investigated  and  Bond  Issues  Approved  by  the  irrigation  District 

Bond  Commission. 


Name  of  district 


Imperial    

Andfrson-(^ottonwood 


Aicn  of 

dMrk-t. 

acics 


Amount  of 

boDds 
approved 


612.000 

32,5<)0 


Value  of 

All 

property 


|3,C0O,00O        140,000,000 

480,000  ■         1,90U,000 


Per  cant  of 
bonds  to 
proper^ 
rahiea 


The  projects  of  Alpaugh.  Carmichael,  Lindsay-Strathmore.  Terra 
Bella  and  Waterford  districts  arc  now  being  investigated  by  th«? 
Commission. 
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Waterworks  districts. 

In  1913  the  legislature  passed  an  act  providing  for  the  creation  of 
county  irrigation  districts  upon  the  same  general  lines  as  provided  for 
the  organization  of  irrigation  districts  excepting  that  the  administra- 
tion of  the  district  is  in  the  county  authorities  instead  of  local  district 
officers.  The  Board  of  Supervisors  of  the  county  acts  as  a  board  of 
directors  for  the  district. 

In  1913  the  legislature  changed  the  title  of  these  districts  to  county 
waterworks  districts,  and  provided  that  bonds  of  such  districts  should 
be  available  for  the  same  purposes  as  irrigation  district  and  other  bonds 
upon  their  being  validated  by  a  commission  composed  of  the  personnel 
of  the  irrigation  district  bond  commission. 

Three  districts  organized  under  this  act  have  been  investigated  and 
their  bonds  approved  as  follows : 

TABLE  No.   15. 

County   Waterworks   Districts  Investigated  and   Bonds  Approved  by  the  County 

Waterworks  Bond  Commission. 


Area,  Amount 


Value  of 


Name  of  district  ^^^  of  bonda  property 


Ratio  of 

bonds  to 

property 

values 


Loa  Angles  County— 

Wsterworks  District  No.  l 400  ^,000  $199,400  15 

Waterworks  District  No.  2 143  ,  15,000  60,000  25 

Wit«nrork8  District  No.  3 .  7(5,080  •  2,004,000  27,600,000  244 


All  of  these  districts  are  in  Los  Angeles  County.  No.  1  embraces 
nearly  all  of  the  famous  San  Fernando  Valley,  which,  since  the  district 
was  organized,  has  been  annexed  to  the  city  of  Los  Angeles,  including 
nearly  the  whole  district  in  the  city  limits. 

The  creation  of  this  district  affords  a  market  for  a  large  part  of  th'j 
snrplns  waters  of  the  city  brought  from  Oweas  River  by  the  great  L(xs 
Angeles  aqueduct. 

One  of  the  other  districts,  No.  1,  is  located  south  of  and  adjoining 
the  city  while  the  other.  No.  2,  is  in  fact  a  municipal  water  supply 
organization  for  the  village  of  Norwalk. 

Needed  legislation. 

In  order  to  give  the  state  equal  opportunity  with  private  interests 
in  ascertaining  and  promoting  opportunities  for  economical  irrigation 
development,  and  to  assist  communities  desiring  to  form  irrigation 
districts  at  the  time  or  times  assistance  is  most  needed  and  hardest  to 
pay  for  by  community  effort,  this  department,  when  deemed  in  the 
pnblie  interest,  should  have  both  the  authority  and  the  means  to  make 
Rurveyg  and  investigations  of  promising  situations  of  lands  and  water 
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supplies  available  for  community  utilization.  Data  gathered  in  such 
surveys  and  investigations  are  of  permanent  value  to  the  public  and 
it  is  an  unnecessary  hardship  to  require  communities  to  pay  the  cost 
of  these  initial  engineering  studies,  and  an  unwarranted  hindrance  to 
progress  to  delay  them  until  such  time  as  the  communities  here  become 
suflSciently  organized  to  pay  their  cost. 

Although  the  amendments  to  the  irrigation  district  law  enacted  at 
recent  sessions  of  the  legislature  have  greatly  strengthened  the  districts 
working  under  them,  experience  points  to  several  desirable  changes  to 
which  it  is  desired  to  call  attention. 

1.  Before  a  petition  for  the  formation  of  a  district  is  presented  to 
the  Board  of  Supervisors,  the  State  Engineer  should  be  called  in  to 
make  investigations. 

He  should  be  given  funds  with  which  to  conduct  examination  not  only 
into  the  water  supply  but  also  into  the  nature  of  the  soils  as  to  their 
adaptability  to  irrigation  and  whether  the  cost  will  or  will  not  be  greater 
than  the  lands  can  bear.  He  should  have  authority  to  decide  upon  tlie 
exclusion  or  inclusion  of  lands.  He  should  also  be  given  time  com- 
mensurate W'ith  the  magnitude  of  the  project  and  the  diflSculties 
encountered  in  which  to  make  the  investigations  and  report,  and  finally 
his  report  should  not  be  lightly  set  aside  or  ignored. 

When  the  district  organization  is  completed,  and  funds  are  available 
the  cost  of  the  investigation  might  be  returned  to  the  state,  but  in  case 
the  report  of  the  State  Engineer  should  be  adverse  to  the  project  or  for 
other  reasons  it  should  fail  to  complete  organization,  then  the  state 
should  stand  the  loss. 

2.  Under  the  present  law  a  district  may  be  formed  consisting  of  many 
tracts  of  land  not  joining  or  not  necessarily  contiguous.  After  a 
district  is  organized,  however,  lands  outside  the  boundaries  may  be 
included  upon  petition,  but  only  if  they  are  contiguous. 

If  the  supply  of  water  is  more  than  sufficient  for  the  needs  of  the 
district  any  lands  susceptible  of  irrigation  from  the  district's  water 
should  be  annexed  on  petition,  even  though  not  '*  contiguous. " 

3.  There  should  be  some  provision  for  the  consolidation  of  two  or 
more  districts  when  their  interests  would  be  benefited  thereby. 
Instances  are  known  where  if  two  adjoining  districts  were  under  one 
management,  the  use  of  the  water  in  times  of  scarcity  could  be  alter- 
nated with  benefit  to  both. 

At  least  one  instance  is  called  to  mind  where  it  seems  doubtful  if 
either  of  two  districts  will  be  able  to  finance  separate  projects,  while 
if  they  were  united  they  could  probably  find  means  to  construct  one 
system  to  serve  the  lands  of  both. 

4.  The  State  Engineer  is  required  to  examine  the  plans  and  estimates 
for  the  construction  of  works  for  which  it  is  contemplated  to  issue 
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bonds;  but  his  report  and  recommendations  are  advisory  only  and  the 
district  may  ignore  them  entirely.  Although  the  law  directs  that 
progress  of  construction  shall  be  reported  to  the  State  Engineer  periodi- 
cally, no  authority  is  vested  anywhere  to  compel  a  compliance  with  the 
law.  He  is  authorized  to  examine  work  in  progress  but  not  empowered 
to  stop  that  work  or  change  it  if  he  finds  it  is  not  being  executed 
according  to  the  plans  approved.  He  is  given  no  funds  with  which  to 
pay  the  expense  of  inspection  and  examination. 

His  report  on  the  plans  should  be  binding.  He  should  be  able  to 
exercise  close  supervision  of  the  work  and  have  power  to  enforce  com- 
pliance with  the  plans. 

It  is  not  contended  here  that  the  permission  of  organizing  a  district 
should  rest  in  the  judgment  of  the  State  Engineer  alone.  On  the 
contrary  it  might  be  better  to  submit  the  questions  of  area,  of  boun- 
daries, of  inclusion  or  exclusion  of  lands,  and  the  general  industrial 
feasibility  of  the  proposed  district  to  a  state  land  commission  or  irriga- 
tion board,  leaving  the  research  work — the  gathering  of  physical  data — 
to  the  Department  of  Engineering. 

Likewise  the  enforcement  of  police  regulations  governing  construction 
according  to  the  plans  might  be  delegated  to  another  body,  the  depart- 
ment furnishing  the  engineering  knowledge  and  skill  necessary  for 
intelligent  supervision  and  direction. 

These  matters  are  commended  for  the  consideration  of  the  coming 

legislature. 

COOPERATIVE  RESEARCH. 

The  state  of  California  since  1903  has  been  cooperating  with  different 
branches  of  the  national  government  in  prosecuting  investigations  and 
studies  of  her  natural  resources.  Appropriations  are  made  at  each 
session  of  the  legislature  and  in  pursuance  of  the  acts,  agreements  are 
entered  into  between  the  State  Engineer  in  behalf  of  the  state,  and 
representatives  of  the  government  for  cooperative  research,  and  allot- 
ments made  of  the  funds  appropriated  to  cover  the  state's  portion  of 
the  expense  of  making  the  investigations. 

The  agreements  made  during  the  biennium  just  closing  are  as 
follows : 

With  the  Director  of  the  United  States  Geological  Survey,  for : 

Topographic  surveys. 

Water  resources  investigations. 

.With  the  Department  of  Agriculture,  Ofiice  of  Public  Roads  and 
Roral  Engineering,  for: 

irrigation  and  drainage  investigations. 

These  agreements  are  made  to  run  only  one  year  and  are  renewed 
annually. 
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The  gathering  of  the  information  included  in  the  above  subjects  is 
very  properly  a  function  of  the  Department  of  Engineering,  but  to 
provide  the  department  with  the  requisite  equipment  for  field  and 
laboratory  work  to  maintain  the  necessary  working  force,  would  require 
a  large  appropriation.  Furthermore,  the  work  accomplished  by  the 
department,  acting  alone,  would  be  duplicate  of  a  great  deal  that  has 
been  done  before  and  that  would  follow  in  the  regular  progress  of  the 
work  of  the  other  governmental  investigators. 

By  these  cooperative  arrangements  the  state  obtains  the  service  of 
already  organized  corps  of  experienced  investigators  possessing  all  the 
best  apparatus  and  instruments,  and  for  their  service  the  state  is 
required  to  pay  only  a  portion  of  the  operating  expenses.  The  appro- 
priations made  by  the  congress  for  the  matters  under  discussion  are 
too  small  to  permit  of  any  great  amount  of  work  being  accomplished 
in  any  one  state,  but  it  is  the  policy  of  the  government  to  give  prefer- 
ence to  those  states  which  desire  to  cooperate,  and  the  practice  is  to  allot 
an  amount  equal  to  the  state's  appropriation. 

It  should  be  borne  in  mind  that,  in  addition  to  the  many  advantages 
resulting  from  cooperative  work,  all  money  appropriated  by  the  state 
is  met  by  a  like  amount  from  the  federal  treasury  and  nearly  every 
dollar  is  expended  within  the  state. 

TOPOGRAPHIC  SURVEYS. 

The  character  of  the  cooperative  topographic  surveys  made  in 
accordance  with  the  agreement  with  the  Director  of  the  United  States 
Geological  Survey  is  summarized  as  follows: 

The  order  in  which  the  field  work  is  prosecuted  in  different  parts  of 
the  state  is  fixed  by  agreement  from  time  to  time  as  the  work  progresses. 
The  surveys  are  executed  in  a  manner  sufficiently  elaborate  to  prepare 
maps  upon  scales  which  are  agreed  upon  for  different  localities,  and 
exhibit  the  hydrography,  hypsography,  public  culture,  and  all  public 
land  and  county  boundary  lines  which  are  marked  upon  the  ground. 

The  information  secured  by  the  surveys  is  published  in  atlas  sheets 
of  convenient  size,  called  quadrangles.  The  sheets  of  paper  are 
20x16.5  inches  in  dimensions,  the  territory  embraced  in  each  quad- 
rangle covering  15  minutes,  30  minutes,  or  one  degree  of  latitude,  and 
the  same  of  longitude,  according  to  the  scale  of  the  publication.  Three 
scales  are  employed.  The  largest  scale  used  in  standard  sheets  is 
1:62500,  corrt\sponding  very  nearly  to  one  mile  to  one  inch.  Maps 
drawn  on  this  scale  are  those  of  thickly-settled  communities  or  indus-  * 
trially  important  sections  of  the  country.  An  intermediate  scale  of 
1:125000,  or  about  two  miles  to  the  inch,  is  employed  for  the  greater 
part  of  the  country,  while  the  sirialle.st  scale,  1 :250000,  or  about  four 
miles  to  the  inch,  is  used  for  territory  of  relatively  slight  industrial 
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importance  or  sparse  population,  such  as  the  desert  regions.  A  few 
special  maps  of  important  mining  districts  or  other  limited  areas  are 
issued  on  special  scales  suited  to  the  requirements  of  the  country 
mapped,  when  sheets  are  designated  by  name,  usually  that  of  some 
important  physical  feature,  thus:  Yuba  City  quadrangle,  Pyramid 
Peak  quadrangle,  etc.  That  portion  of  the  Sacramento  Valley  lying 
west  of  the  Sacramento  River  has  been  published  in  sheets  28x40 
inches  and  covering  several  quadrangles,  the  scale  being  1 :31680,  or 
one-half  mile  to  the  inch.  These  are  found  very  convenient  in  studying 
irrigation  and  reclamation  in  these  regions  where  projects  embrace 
large  areas. 

The  maps  are  sufiBciently  detailed  to  serve  as  base  maps  on  which 
are  represented  the  character  of  the  soils  and  forests  of  the  area  sur- 
veyed, and  show  all  principal  objects,  natural  or  artificial,  such  as 
streams,  lakes,  shore  lines,  reservoirs,  canals,  important  wells,  springs, 
railroads,  highways,  power-transmission  lines,  principal  houses, 
villages,  towns,  and  cities,  quarries,  mills  and  other  industrial  plants, 
all  with  great  clearness  and  fidelity  to  position. 

The  hypsography  is  shown  by  contour  lines  with  vertical  intervals 
of  five  to  100  feet,  according  to  the  smoothness  or  ruggedness  of  the 
terrene.  The  heights  of  important  points  are  determined  and  enduring 
monuments  and  bench  marks  are  established,  the  elevation  and  location 
of  which  are  found  by  precise  methods.  Along  both  sides  of  the  Sacra- 
mento River,  from  Suisun  Bay  to  a  point  several  miles  above  the  city 
of  Sacramento,  there  have  been  set  solid  concrete  monuments,  in  which 
are  imbedded  aluminum  tablets  upon  which  are  marked  the  elevations 
to  the  nearest  foot.  At  frequent  intervals  all  over  the  territory  sur- 
veyed are  placed  other  bench  marks  which  consist  of  iron  pipes  set 
solidly  in  the  ground  and  capped  with  a  bronze  or  aluminum  cap, 
marked  in  the  same  manner  as  the  tablets  on  the  concrete  monuments. 
A  record  of  the  location,  and  the  elevation  in  feet  and  fractions,  of  all 
bench  marks  is  kept  on  file  in  the  office  of  this  department.  All  eleva- 
tions noted  by  the  survey  are  determined  by  precise  level  lines  run  and 
checked  with  the  utmost  care,  and  are  referred  to  mean  sea  level  as 
deduced  from  long  series  of  observations. 

The  United  States  Geological  Survey  conducted  topographic  surveys 
in  30  states  and  one  territory  during'  the  fiscal  yc^ar  ending  June  30. 
1914,  and  mapped  19,230  square  miles  of  territory.  Tho  total  area  of 
the  country  now  mapped  amounts  to  40.9  per  cent  of  the  entire  area 
of  the  continental  United  States  and  22  per  cent  of  Hawaii. 

In  California  there  were  5,793  square  miles  surveyed  during  the 
biennial  period  ending  June  30,  1916.  The  total  area  now  mapped 
amounts  to  about  74  per  cent  of  the  entire  surface  of  the  state.     The 
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surveys  were  made  by  the  United  States  Geological  Survey,  acting 
alone  or  in  cooperation  with  the  state  of  California. 

The  Survey,  independently  of  cooperative  assistance,  completed  the 
survey  and  mapped  the  following:  Seiad,  Sawyer's  Bar,  Preston, 
Cholame  and  White  Mountain,  30-minute  quadrangles;  San  Juan 
Bautista,  Morgan  Hill,  Point  Reyes  and  New  Almaden,  15-minute 
quadrangles.  The  resurvey  of  Mare  Island  and  revision  of  i)ortions 
of  San  Francisco,  Concord,  Hayward  and  Alameda  quadrangles  were 
completed. 

In  cooperation  with  the  University  of  California,  the  survey  of  Santa 
Rosa  quadrangle  was  completed  and  the  map  has  been  published.  In 
cooperation  with  the  city  of  Los  Angeles,  the  Elizabeth  Lake  quadrangle 
and  part  of  the  Kramer  quadrangle  were  surveyed  and  mapped.  The 
result  of  those  surveys  was  embodied  by  the  city  in  a  very  complete 
relief  map  of  the  Los  Angeles  aqueduct. 

Those  quadrangles  surveyed  in  cooperation  with  the  Department  of 
Engineering  are  enumerated  in  the  report  at  the  end  of  this  article. 

All  of  the  quadrangle  maps  of  the  Sacramento  Valley  are  now 
published. 

Special  effort  has  been  put  upon  the  survey  of  the  San  Joaquin  VaUey 
in  response  to  the  need  for  the  data  in  studies  of  irrigation,  reclamation 
and  flood  control  problems. 

In  the  San  Joaquin  Valley  the  topographic  survey  at  the  close  of 
June,  1914,  had  covered  about  1,180  square  miles.  For  the  period 
ending  June  30,  1916,  the  survey  was  extended  over  nearly  1,600 
square  miles,  making  the  total  area  of  the  valley  now  surveyed  and 
mapped  about  2,680  square  miles. 

In  addition  to  the  1,600  square  miles  mapped,  109  triangulatioQ 
stations  were  occupied,  92  stations  marked  and  183  miles  of  primary 
levels  run  with  47  permanent  bench  marks  established. 

In  two  instances  the  topographic  surveys  were  extended  ahead  of  the 
regular  progress  in  order  to  cover  special  areas  for  study  of  irrigation 
and  flood  control  urgently  needed. 

The  cooperative  topographic  surveys  have  been  conducted  under  the 
supervision  of  Mr.  George  R.  Davis,  geographer  in  charge  of  the  Pacific 
division,  directed  by  Mr.  R.  B.  Marshall,  chief  geographer,  and  W.  H. 
Herron,  acting  chief  geographer. 

Their  report  in  detail  for  the  two  years  ending  June  30,  1914, 
follows : 
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Report  of  topographic  surveys  in  cooperation  between  the  United  States 

Geological  Survey  and  the  state  of  California,  for  the  fiscal  years 

beginning  July  1,  1914,  and  ending  June  30,  1916. 

In  accordance  with  the  cooperative  agreements  signed  August  S»  1914,  and  June  24, 
1015,  by  George  Otis  Smith,  Director,  for  the  United  States  Geological  Survey,  and 
August  26,  1914,  and  June  29,  1915,  by  W.  F.  McClure,  State  Engineer,  for  the 
stnte  of  California,  the  Federal  Survey  allotted  $14,000  each  year,  and  the  state  an 
<*(inal  amount,  for  cooperative  topographic  surveys  in  the  state  of  California  for  the 
fiscal  years  ending  June  30,  1915,  and  June  30,  1916. 

The  following  is  a  summary  of  the  field  and  office  work  accomplished  during  the 
above  period  under  the  general  direction  of  R.  B.  Marshall,  chief  geographer,  W.  If. 
Herron,  acting  chief  geographer,  and  under  the  immediate  supervision  of  George  It. 
Davis,  geographer  in  charge  of  the  Pacific  division : 
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FIELD  WORK— Continued. 
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The  following  members  of  the  toi)Ographic  branch  were  engaged  in  the  field  work : 

Topographic  Mapping: 

A.  O.  Burkland,  topographer 
H.  W.  Peabody,  asmstant  topographer 
A.  J.  Ogle,  assistant  topographer 
J.  B.  Leavitt,  assistant  topographer 
S.  If.  Birdseye,  assistant  topographer 
F.  A.  Danforth,  assistant  topographer 
C.  A.  Stonesifer,  junior  topographer 
E.  P.  Davis,  topographer 
R.  T.  Evans,  topographer 
J.  H.  LeFeaver,  assistant  topographer 
N.  E.  Ballmer,  assistant  topographer 
RoBcoe  Reeves,  assistant  topographer 
R.  M.  Wilson,  junior  topographer 

Triangulation: 

C.  L.  Nelson,  topographic  engineer 

C.  F.  Urquhart,  topographic  engineer 
L.  F.  Biggs,  topographer 

Primary  LeveU: 

Roscoe  Reeves,  assistant  topographer 

D.  8.  Birkett,  assistant  topographer 

Office  Work.  The  office  drafting  of  the  Cores,  Copperopolis,  Cressey,  Crows  Land- 
ing, Denair,  Riverbank,  Klamath  River,  Merced,  Mitchell  School,  Hopeton,  Scott 
River,  Stanislaus  River,  Turlock.  Waterford.  Winton,  Arena.  Atwater,  Gustine, 
Newman,  Orestimba  Creek,  Owens  Creek,  Planada,  Snelling  and  Stevinson  topo- 
graphic maps  was  completed  and  the  maps  transmitted  for  engraving.  The  drafting 
of  the  Le  Grand  and  Lagrange  topographic  maps  was  each  five  per  cent  completed. 

Primaiy  level  circuits  were  adjusted  for  the  Copiieropolis  quadrangle  and  for  the 
San  Joaquin  Valley  and  the  results  typewritten  for  publication. 

Geographic  positions  were  computed  for  the  Mitchell  School,  Turlock,  Cressey, 
Winton,  Hopeton,  Stevinson,  No.  8,  Atwater,  Merced,  Planada,  Mariposa  Slough, 
Owens  Creek,  No.  11,  Indian  Gulch,  Plainsburg,  Le  Grand,  No.  9,  Deadman .  Creek, 
ChowchilU  Slough,  Salt  Slough,  Ingomar,  Las  Garzas  Creek,  Berenda,  Mintum, 
and  No.  10  quadrangles. 

WATER  RESOURCES. 

Investigation,  measurement  and  cataloging  of  the  water  resources  of 
the  state  have  been  diligently  prosecuted  for  many  years  by  private 
interests  seeking  to  take  advantage  of  the  loose  laws  to  appropriate  the 
waters  to  private  exploitation. 

It  was  not  until  recent  years  that  the  public  awoke  to  the  fact  that 
the  vast  resources  of  the  state,  residing  in  the  potential  waters  of  its 
rivers,  brooks  and  waterfalls;  its  lakes  and  glaciers,  were  fast  passing 
to  private  ownership,  and  interposed  a  staying  hand  by  enacting  the 
conservation  laws  of  1911. 

The  government  had  been  engaged  in  a  small  way  in  gathering  data 
as  to  stream  flow,  but  not  until  cooperation  was  established  with  the 
state  did  this  character  of  research  assume  a  degree  of  activity  at  all  in 
keeping  with  its  importance  to  the  public. 

When  the  Department  of  Engineering  was  created  and  entrusted 
with  the  task  of  representing  the  state  in  these  matters,  the  work  of 
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gathering  infornmtioii  began  to  expand,  and  by  1909  there  were  70 
gaging  stations  established  on  the  streams  of  the  state.  That  was  not 
many  when  the  extent  of  territory  and  mileage  of  stream  is  considered, 
but  by  cooperating  and  uniting  the  funds  of  state  and  nation  the  work 
was  prosecuted  and  data  began  to  accumulate. 

Since  1911  there  have  been  about  300  gaging  stations  established. 
Some  of  these  were  maintained  but  a  short  time,  while  others  have 
been  constantly  maintained  and  the  records  obtained  show  the  quantity 
of  water  flowing  every  day  of  the  year. 

Records  of  stream  flow  are  highly  important,  in  fact  absolutely 
necessary,  in  devising  projects  for  irrigation,  reclamation,  flood  control, 
power  development,  and  navigation,  or  in  fact  any  use  to  which  flowing 
water  may  be  devoted.  The  lack  of  complete  records  is  keenly  felt  by 
the  Department  of  Engineering  and  all  others  in  attempting  to  solve 
the  many  problems  of  hydroeconomics  so  vital  to  the  prosperity  of  the 
state. 

At  the  close  of  June  last  there  were  160  gaging  stations  in  operation 
distributed  as  far  as  practicable  so  as  to  give  the  greatest  value  to  the 
entire  state.  Wherever  great  interests  are  involved  extra  effort  is  put 
forth  to  obtain  data.  Several  new  stations  have  been  established  in  the 
Tuolumne  drainage  basin  in  cooperation  wnth  the  city  of  San  Francisco 
in  studies  of  the  Hetch  Hetchy  project. 

The  city  of  Los  Angeles  has  cooperated  and  enabled  more  extensive 
measurements  to  be  made  of  the  stream  flow  in  Owens  River  basin. 

Intensive  study  has  been  given  to  the  hydrography  of  San  Diego 
County,  the  results  of  which  will  soon  be  published.  The  unprece- 
dented floods  in  that  region  early  in  1916  played  havoc  with  the  gaging 
stations,  many  of  which  were  completely  washed  away  and  the  condi- 
tions so  changed  that  they  had  to  be  abandoned  or  new  locations  found. 
The  loss  in  equipment  alone  amounted  to  about  $2,600. 

More  extensive  studies  have  been  made  of  the  run-oflf  and  flood 
conditions  affecting  the  regions  about  Los  Angeles,  due  to  cooperation 
of  the  Forest  Service  and  the  county  officials. 

Much  additional  data  has  been  obtained  concerning  Merced  River 
through  the  assistance  of  the  Bureau  of  Parks  of  the  Interior 
Department. 

The  work  of  stream  measurement  has  also  been  much  assisted  by 
funds  furnished  by  the  State  Water  Commission. 

The  accuracy  of  the  data  obtained  has  been  greatly  improved.  The 
number  of  stations  equipped  with  automatic  registering  apparatus  is 
being  constantly  augmented,  as  funds  will  permit.  All  important 
stations  should  be  so  equipped  and  the  instruments  housed  in  perma- 
nent structures. 
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METHODS  OP  STREAM  MEASUREMENT. 

To  ascertain  the  quantity  of  water  flowing  at  a  given  point  the 
cross  section  of  the  stream  is  carefully  measured,  the  measurements 
referred  or  *'tied"  to  some  permanent  monument  or  mark  established 
nearby,  where  it  is  safe  from  disturbance. 

A  graduated  rod  or  staff  is  set  up  marked  in  feet  and  subdivisions, 
and  with  the  zero  generally  at  the  surface  of  the  water,  or  if  it  can 
be  ascertained,  at  the  height  of  the  lowest  low  water  known. 

At  important  stations,  particularly  if  the  stream  is  subject  to  frequent 
fluctuations,  and  in  locations  where  observers  can  not  frequently  visit 
the  station,  automatic  gages  are  installed,  which  indicate  every  variation 
in  the  height  of  water  and  make  a  continuous  record  of  it  on  paper.  The 
mechanism  of  the  automatic  gages  is  operated  by  clockwork  and  the 
records  are  usually  arranged  to  cover  a  week,  at  the  end  of  which  time 
fi  new  sheet  must  be  put  in  and  the  clock  rewound.  These  gages  are 
delicate  instruments  and  must  be  well  protected  from  the  weather  as 
well  as  from  vandalism  of  chance  passers-by. 

Measurements  of  the  velocity  of  the  flowing  water  are  taken  at  inter- 
vals,  effort  being  made  to  obtain  such  measurements  at  different  stages 
of  the  water  as  will  obtain  data  for  calculating  the  rate  of  flow  at  all 
stages.  This  is  called  rating  the  station  and  a  table  of  the  flow  for 
each  fraction  of  a  foot  in  height,  shown  on  the  gage,  is  prepared  from 
these  measurements  and  calculations,  which  computation  is  called  a 
'* rating  table.'' 

Several  methods  are  used  to  measure  the  quantity  of  water  flowing 
in  the  streams,  as  by  obtaining  the  depth  flowing  over  a  dam  or  weir,  or 
by  measuring  the  velocity  of  the  current  with  a  current  meter,  or  in 
some  instances  by  chemical  analysis. 

The  weir  method  is  preferred  where  conditions  make  it  reliable.  The 
chemical  method  is  considered  very  efficient^  but  has  not  become  well 
known. 

The  current  meter  method  is  the  one  generally  used,  and  by  permis- 
sion of  the  Director  of  the  United  States  Geological  Survey  illustrations 
of  the  instruments  used  and  their  method  of  employment  are  herewith 
presented. 

The  several  methods  employed  are  fully  described  in  the  publications 
of  the  Survey,  particularly  in  **Weir  experiments,  coefficients  and 
formulas,"  designated  as  Water  Supply  Paper  200;  "Turbine  water 
wheel  tests  and  power  tables,"  as  Water  Supply  Paper  180;  and 
**Surface  water  supply  of  the  United  States  1907-8,  Part  IX,"  Water 
Supply  Paper  251.  These  volumes  may  be  purchased  at  a  nominal 
price  from  the  Superintendent  of  DocuinenUs,  Washington,  D.  C. 

The  results  of  stream  niea.snr(*ments  are  exi)ressed  in  .s<^cond-feet  or 
^cre-feet.     A  second-foot  is  the  prism  of  water  one  foot  deep,  one  foot 
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wide  and  moving  a  foot  of  distance  in  a  second  of  time.  A  stream 
flowing  a  second-foot,  or  as  it  is  sometimes  written,  a  cubic  foot  per 
second,  would  fill  a  box  a  foot  square  and  a  foot  deep  every  second, 
and  amounts  to  448.8  gallons  a  minute.  In  ordinary-  practice  it  is 
regarded  as  450  gallons  a  minute. 

An  acre-foot  of  water  is  the  quantity  that  would  cover  an  acre  of 
space  one  foot  in  depth,  and  amounts  to  43,560  cubic  feet. 

One  second-foot  of  water,  running  continuously  for  twenty-four  hours, 
will  cover  an  acre  to  a  depth  of  1.98  feet  or  amount  to  1.98  acre-feet. 
For  many  computations  it  is  sufficiently  accurate  to  assume  a  second- 
foot  to  be  equivalent  to  two  acre-feet  a  day. 

In  California  and  some  other  states  another  unit  of  measurement  is 
used,  called  the  miner's  inch.  This  is,  theoretically,  the  quantity  of 
water  that  will  flow  through  an  orifice  one  inch  square,  placed  at  a 
certain  distance  below  the  surface.  The  depth  below  the  surface,  called 
the  ''head,''  varies  in  different  states  and  in  different  localities  in  the 
same  state. 

The  statutes  of  California  require  an  appropriator  to  describe  the 
extent  of  his  appropriation,  stating  the  quantity  he  claims  **in  inches, 
measured  under  a  four  inch  pressure."  Hydraulicians  are  agreed  that 
pressure  means  ''head"  which  is  the  vertical  distance  from  the  surface  of 
still  water  to  the  center  of  gravity  of  the  orifice.  Under  such  conditions 
a  miner's  inch  would  be  equivalent  to  0.02  (one-fiftieth)  second-foot  or, 
in  round  numbers,  nine  gallons  a  minute. 

By  a  statute  enacted  in  1903,  however,  it  is  declared  that  a  miner's 
inch  shall  be  equivalent  to  one-fortieth  second-foot,  or  11.25  gallons  a 
minute,  and  the  statute  of  1913,  defining  the  powers  of  the  State  Water 
Commission,  directs  that  an  inch  of  water  shall  be  equivalent  to  one- 
fortieth  of  a  second-foot. 

These  contradictory  provisions  should  be  repealed,  and  one  enacted 
requiring  all  quantities  to  be  described  with  definite  figures ;  gallons  per 
minute  for  domestic  use  or  pumping,  se(»ond-feet  for  rate  of  flow  and 
acre-feet  for  quantity. 

The  results  of  the  observations  at  the  gaging  stations  established  at 
various  points  on  the  streams  of  the  state  are  published  from  time  to 
time  in  the  bulletins  issued  by  the  Geological  Survey  under  the  title  of 
Water  Supply  Papers. 

These  published  records  give  the  following  information : 

Description  of  station,  and  of  its  characteristics. 

List  of  discharge  measurements  made  on  the  stream  above. 

Table  of  daily  gage  heights  at  the  station. 

Table  of  daily  discharges. 

Table  of  monthly  and  yearly  discharges  and  run-off. 
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The  records  obtained  are  of  inestimable  value  in  the  study  of  the  many 
problems  concerning  irrigation,  reclamation,  flood  control  and  naviga- 
tion, and  have  been  accepted  and  used  very  extensively  by  engineers 
engaged  in  operations  under  either  and  all  of  the  subjects  named. 

The  records  obtained  of  the  flow  of  Sacramento  River  and  its  tribu- 
taries were  also  used  by  the  United  States  Debris  Commission  and  the 
Board  of  Engineers  for  Rivers  and  Harbors  as  a  basis  for  the  plan 
reported  to  congress  for  the  **  Control  of  Floods  in  the  Systems  of  the 
Sacramento  Valley  and  the  adjacent  San  Joaquin  Valley,''  a  project 
involving  the  expenditure  of  millions  of  dollars. 

A  similar  project  for  the  same  purpose  was  proposed  several  years 
ago,  before  the  cooperative  observations  above  mentioned  had  procured 
complete  data.  The  project  was  based  upon  the  best  information 
obtainable  at  that  time  of  the  flood  flow  of  the  streams,  but  in  the  light 
of  later  research  and  from  the  continuous  records  obtained,  it  is  known 
that  works  for  flood  control  must  care  for  about  130  per  cent  more  water 
than  was  formerly  believed  to  be  necessary. 

A  reliable  record,  then,  of  the  quantity  of  water  poured  into  the 
valley  by  all  its  streams  at  flood  is  necessary  to  an  intelligent  study  of 
problems  relating  to  flood  control.  A  knowledge  of  the  amount  of  low 
water  flow  is  requisite  in  discussing  means  of  aiding  navigation. 

Correct  information  as  to  the  daily,  monthly  and  annual  flow  of  each 
stream,  and  of  all  combined,  is  necessary  in  exploiting  irrigation  enter- 
prises for  the  10,000,000  acres  of  irrigable  land  in  the  Great  Valley, 
and  other  millions  of  acres  elsewhere  in  the  state. 

In  furtherance  of  this  last-named  object,  knowledge  is  required,  too, 
of  the  extent  to  which  surplus  water  can  be  conserved,  and  the  flow 
regulated  by  storage  reservoirs. 

One  of  the  great  assets  of  the  state  is  nature's  storage  reservoirs  in  the 
vast  snow  fields  at  the  head  of  the  streams,  and  yet  not  one  iota  of 
information  is  collected  concerning  their  condition. 

A  record  of  the  depth  and  quantity  of  water  contained  in  every  arti- 
ficial reservoir  for  each  day  is  obtainable,  but  never  an  effort  to  ascer- 
tain the  quantity  stored  in  the  snow  banks. 

It  is  known  from  the  stream  flow  records  at  the  end  of  the  season  how 
much  water  has  come  down,  but  if  reliable  records  were  systematically 
made  every  season  of  the  snow  lying  in  the  drainage  basins,  after  a  few 
years  rating  tables  would  be  devised  by  which  observations  in  the  snow 
fields  would  indicate  in  advance  the  discharge  to  be  expected  for  the 
coming  season. 

It  is  not  enough  that  merely  the  depth  of  the  snow  be  reported,  as  that 
conveys  little  information,  but  what  it  is  desired  to  know  is  the  water 
content  of  the  snow.     After  a  given  basin  has  been  well  surveyed,  a  few 
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typical  locationfi  may  be  selected  for  observation  representing  average 
conditions,  the  results  from  which  will  enable  a  close  estimate  to  be  made 
of  the  quantity  of  water  that  will  arrive  at  the  gaging  stations  below. 

Such  information  would  be  valuable  to  all  having  to  do  with  any 
of  the  uses  of  water,  but  it  is  particularly  desirable  in  operating  reser- 
voirs which  might  be  created  for  the  combined  purposes  of  flood  control 
and  irrigation.  With  a  knowledge  of  the  amount  of  water  in  storage  in 
the  snows,  the  probable  flood  flows  may  be  forecast  and  the  proper  time 
be  determined  when  the  irrigation  water  may  begin  to  be  stored. 

The  importance  of  this  subject  is  so  apparent  to  those  of  the  depart- 
ment who  are  engaged  in  studying  hydroeconomies  that  it  is  urged  upon 
the  legislature  to  give  it  substantial  recognition  by  an  appropriation 
which  will  enable  this  line  of  research  to  be  entered  upon  at  once  and 
vigorously  prosecuted. 

The  investigations  into  the  water  resources  of  the  state  by  the  United 
States  Geological  Survey  in  cooperation  with  the  state  of  California 
during  the  last  biennial  period  have  been  conducted  under  the  charge  of 
Mr.  N.  C.  Qrover,  chief  hydraulic  engineer,  chief  of  the  water  resources 
branch,  United  States  Geological  Survey,  by  Mr.  H.  D.  McGlashan, 
district  engineer,  whose  report  will  be  found  at  the  close  of  this  article. 

REPORT  TO  THE  DEPARTMENT  OF  ENGINEERING  ON  THE 
PROGRESS  OF  THE  SURFACE  WATER  INVESTIGATIONS  IN 
CALIFORNIA  BY  THE  WATER  RESOURCES  BRANCH  OF  THE 
UNITED  STATES  GEOLOGICAL  SURVEY  FOR  1914-1916. 

By  N.  C.  Groves,  Chief  Hydraulic  Engineer,  and  H.  D.  McOlashan, 

District  Engineer. 

The  investigations  in  this  state  during  the  past  two  years  have  been,  in  general, 
a  continuation  of  the  work  outlined  in  your  Fourth  Biennial  Report.  The  regular 
stream-gaging  fund  provided  by  the  federal  government  and  the  state  of  Galifoniia, 
through  your  department,  has  been  augmented  by  the  appropriations  of  the  State 
Water  Commission.  As  the  money  available  has  been  sufficient  to  maintain  only  the 
work  under  way  at  the  time  of  the  last  report,  no  particular  extension  has  been 
practicable.  It  has  been  necessary  to  abandon  a  few  of  the  less  important  gaging 
stations,  either  on  account  of  unfavorable  natural  conditions  or  a  withdrawal  of 
cooperation,  and  a  small  number  of  new  stations  have  been  established.  As  far  as 
practicable,  the  work  has  been  so  apportioned  that  it  will  result  in  the  greatest 
possible  value  to  the  entire  state.  There  are  still  many  points  in  all  portions  of  the 
state  where  additional  stream-floW  records  are  greatly  needed.  The  demand  for  such 
records  can  not  be  met  unless  the  appropriations  for  the  work  are  increased. 

The  table  which  follows  shows  the  gaging  stations  maintained  during  the  two-year 
perio<l  ending  November,  191(».  Those  stations  are  distributed  among  major  drainage 
basins  as  follows :  North  Pacific.  S  per  cent  ;  South  Pacific,  27  per  cent ;  Sacramento. 
18  per  cent;  San  Joaquin,  34  per  cent  ;  <»reat  Basin,  13  per  cent. 

stream.  Post   Offloe. 

Agua  Calientp  Creekt Warner  Springs 

American  River Fairoaks 

American  Kiver   (Middle  Fork) East  Auburn 

American  River   (South  Fork) 1 Placervillc 

American  River  (North  Fork) Colfw 

Arroyo   Seco   Soledftd 
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Stream.  Post  Office. 

Arroyo  S€Co Pasadena 

Baxter  Creekt Janesville 

Bear  Creek   Springviile 

Bear  River Van  Trent 

Bear  River Colfax 

Bear  River  Canal : Colfax 

Big  Creek Shaver 

Big  Creekt Tollhouse 

Black  Canyon  Creekt Mesa  Grande 

Boulder  Creek  (mouth) t Lakeside 

Boulder  Creek   (Cuyamaca  reservoir) Lakeside 

Buckeye ^ Bridgeport 

Butte  Creek Butte  Valley 

Cache  Creekt Lower  Lake 

Cache  Creek Yolo 

Calaveras  River Jenny  Lind 

Canada  Verde  Rivert Warner  Springs 

Carrizo  Creekf Warner  Springs 

Carson  River  (West  Fork) Woodfords 

Carson  River  (East  Fork) Markleeville 

(IJherry   Creek   Sequoia 

(Slavey  Rivert Tuolumne 

Clear  Lake : Lakeport 

Clear  Creekf Shasta 

Coffee  Creekt Coffee 

(^osumnes- River Michigan  Bar 

Cosumnes  River  (North  Fork) El  Dorado 

(/Ottonwood  Creek , Dulzura 

Crane  Valley  reservoir ^ North  Fork 

Deer  Creek Hot  Springs 

Deer  Creekt Vina 

Dinkey  Creekf Ockenden 

Donner  Creekf Truckee 

East   Walker  River ^ Bridgeport 

Eel  River Scotia 

Eleanor  Creek Sequoia 

Elsinore  Lake   Elsinore 

Erskine  Creekt  Bodfish 

Escondido  Mutual  Water  Co.'s  canal Nellie 

Falls  Creek Sequoia 

Feather  Creek   Oroville 

Feather  River  (Middle  Fork) Oroville 

Feather  River  (Middle  Fork) Cromberg 

Feather  River  (North  Fork)t Prattville 

Feather  River  (North  Fork)  at  Big  Bar,  near Oroville 

Feather  River  (South  Fork) Enterprise 

Fish  Creek Diiartc 

Fresno  River Knowlos 

Fresno  Flume  &  Lumber  Co.'s  fium« Shavrr 

Gobemador  Creek Carpinteriti 

Golden  Rock  ditch Sequoia 

Gold  Run  Creekt Snsanville 

Goodyear  Creek l Goodyear  Bar 

Hat  Creek Hat  Croek 

Illilouette  Creekt Yosemite 

Indian  Creek Croscent  Mills 

Indian  Creek Hai)T)y  Camp 

Janesville  Creekt  . Janosvillc 

Jawbone  Creekf Tuolumno 

Kaweah  River Three  Rivers 

Kaweah  River  (Norlh  Fork)   at Kawcali 

Kaweah  River  (South  Fork) Three  Rivers 

Kaweah  River  (East  Fork)t Hammond 

Kaweah  River   (Marble  Fork)t Ranger 

Kaweah  River  (Middle  Fork)t Hammond 

Kaweah  River  (North  Fork)t  near Kaweah 

Kern  River Bakersfield 

Kern  River Kemville 

Kern  River  power  canal Isabella 

Kings  River _. Sanger 

Kings  River   (North  Fork)f _  .__ Ockenden 

Klamath  River Requa 

Klamath  River Seiad   Valley 

Kosk  Creek   Henderson 

I^ke  Tahoe Tahoe 
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Stream.  Poet  OflBce. 

Lassen  Creekf Johnstonville 

Leevining  Creekt Mono  Lake 

Little  Anita  Creek Sierra  Madre 

Little  Stony  Creek Lodoga 

Little  Truckee  Rivert Boca 

Lytle  Creek San  Bernardino 

Markleeville  Creek,  above Markleeville 

Markleeville  Creek,  at Markleeville 

Matagual  Creekt Warner  Springs 

McCloud  River -Baird 

Merced  River Exchequer 

Merced  River Yosemite 

Merced  River  at  power  house Yosemite 

Merced  River  above  Illilouette  Creekt Yosemite 

Merced  River  (South  Fork) Wawona 

Middle  Eel  River Covelo 

Mill  Creek Forest  Home 

Modesto  Canal Lagrange 

Mokelumne  River Clements 

Mokclumne  River  (Licking  Fork) ^Railroad  Flat 

Mokelumne  River  (Middle  Fork) West  Point 

Mokelumne  River  (South  Fork) Railroad  Flat 

Mono  Lake : Mono  Lake 

Monrovia  pipe  line Monrovia 

Oakdale  canal Knights  Ferrj- 

Oregon  Creek North  San  Juan 

Owens  Lake Lone  Pine 

Owens  River Lone  Pine 

Owens  River Round  Valley 

Owens  River Tinemaha 

Pacific  Light  &  Power  Co.'s  canal AEUsa 

Pacific  Light  &  Power  Co.'s  canal Mentone 

Palermo  Land  &  Water  Co.'s  canal Enterprise 

Pine  Creek Round  Valley 

Pit  River   Henderson 

Pit  River ^ Ydalpom 

Pitman    Creek    Shaver 

Putah  Creek Winters 

Reeve  Davis  (^n.  Mining  Co.*s  flume Happy  Camp 

Relief  Creek Avery 

Robinson  Creek Bridgeport 

Rock  Creek Goodyear  Bar 

Rock  Creek   Round   Valley 

Rush  Creekt Mono  Lake 

Sacramento  River Castella 

Sacramento  River Red  Bluff 

Salmon   Rivort    Somesbar 

Salton  Sea Salton 

San  Antonio  Creek Upland 

San   Diego   Rivert Lakeside 

San  Diogo  Flume Lakeside 

San  Diego  River . San  Diego 

San  Diego   River 1 Santee 

San  Diogo  River   (at  diverting  dam) Lakeside 

San  Diego  Fhime  (at  diverting  dam) Lakeside 

San  Diogo  River   (South  Fork)t ' Alpine 

San  Diogo  Rivor  (South  Fork)   flumet Alpine 

San    Dieguito   Rivert Bernardo 

San  Dieguito  River  (at  Carroll  dam  site) Bernardo 

San  Dieguito  Rivert Del  Mar 

San   Gabriel   River Azusa 

San  (4abriel  Rivor   (hoadworks)t Axusa 

San   Jacinto  River Elsinore 

San  Joaquin   River Friant 

San   Joaquin   River Newman 

San  Joaquin  River North  Fork 

San  Luis  Roy  Rivort Bonsall 

San  Luis  Rey  River Mesa  Grande 

San  Luis  Rey  River . .Nellie 

San  Luis  Rey  Rivert Oceanside 

San  Luis  Rey  River Pala 

San  Luis  Roy  Rivert Warner  Springs 

San  Luis  Roy  River  (West  ForkVI^ .Warner  Springs 

San  A'iconto  Creekt Foster 

Santa  Ana  River Mentone 
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StTMim.  Post  Office. 

Santa   Maria   River Ramona 

Santa  Ynez  River Lompoc 

Santa  Ynez  River Santa  Barbara 

Santa  Ynez  Riverf Solvang 

Santa  Ysabel  Creek Ramona 

Santa  Ysabel  Creek Mesa  Grande 

Santa  Ysabel  Creekf Santa  Ysabel 

Sdiloss  Creekt Lassen 

Scott  River Callahan 

Scott  River  (East  Fork) Callahan 

Shasta  River Montague 

Smith  River  (Middle  Fork) Crescent  City 

Smith  River  (North  Foric) Crescent  City 

South  Fork  Creek North  Fork 

South  San  Joaquin  canal Knights  Ferry 

Spanish  Creek Keddie 

Stanislaus  Rivert Knights  Ferry 

Stanislaus  River  (above  Goodwin  dam) Knights  Ferry 

Stanislaus  River  (Middle  Fork) Avery 

Stanislaus  River  (North  Fork) Avery 

Stanislaus  River   (South  Fork) Confidence 

Stevensen  Creek   Shaver 

Susanna  Creekt  Warner  Springs 

Swager  Creek  Bridgeport 

Sweetwater  River Dehesa 

Sweetwater  River Descanso 

Swift  Creekt Trinity  Center 

Temescal   Creekf   , Almond 

Temescal  Creek - 1 Elsinore 

Tenaya  Creek Yosemite 

Trinity  River Hoopa 

Trinity  River , Lewiston 

Trinity  Riverf Trinity  Center 

Trinity  River  (East  Fork)t Trinity  Center 

Tnickee  River ! Iceland 

Truckee  River Tahoe 

Tuhire  Lake Stratford 

Tule  River Porterville 

Tule  River  (South  Fork) rorterville 

Tule  River  (North  Fork  of  Middle  Fork)t Springville 

Tule  River  (South  Fork  of  Middle  Fork)f Springville 

Tuolumne  River Lagrange 

Tuolumne  River  (above  Lagrange  Dam) Lagrange 

Tuolumne  River  (at  Hetch  Hetchy  dam  site)f Sequoia 

Tuolumne  River  (below  Hetch  Hetchy  dam  site) Sequoia 

Tuolumne  River  (at  Hetch  Hetchy  cabin) Sequoia 

Tuolumne  River Groveland 

Tuolumne  River   (South  Fork) Groveland 

Tuolumne  River   (South  Fork) Sequoia 

Turlock  canal Lagrange 

Utica  Gold  Mining  Co/s  canal Avery 

Ventura  Riverf Nordhoff 

West  Pasqual  ditcht Escondido 

West  Walker  River Coleville 

Whiskey  Creek North  Fork 

Yosemite  Creek . Yosemite 

Yosemite  Power  Co/s  canal Lagrange 

Yuba    River   Smartville 

Yuba  River  (Middle  Fork) North  San  Juan 

Yuba  River  (North  Fork) Goodyear  Bar 

Yuba  River  (North  Fork  of  North  Fork) Downieville 

Much  progress  has  been  made  in  increasing  the  accuracy  of  the  stream-flow  data 
by  the  use  of  improved  field  and  office  methods.  This  has  been  accomplished  without 
mtterially  decreasing  the  extent  of  the  investigations.  Several  gaging  stations  have 
been  relocated  at  sites  where  natural  conditions  are  more  favorable  and  improved 
equipment  has  been  installed,  where  practicable. 

The  Hetch  Hetchy  work,  which  was  undertaken  at  the  request  of  M.  M. 
0*8faaiigbne8sy,  city  engineer,  for  the  city  of  San  Francisco,  about  two  and  one-half 
years  ago.  has  been  continued.  All  gaging  stations  are  equipped  with  water-stage 
fecoiden  and  the  construction  has  been  permanent  in  character.     This  work  is  now 

tStatlon  discontinued. 
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on  a  very  satisfactory  basis.  On  account  of  the  additional  cooperation  recently 
furnished  by  the  Bureau  of  National  Parks,  the  important  work  in  Yosemite  Valley 
has  been  extended.  Two  new  gaging  stations  equippetl  with  water-stage  recorders 
have  just  been  completed.  The  cooperative  agreement  between  the  U.  S.  Forest 
Service  and  the  county  of  Ix)s  Angeles  has  resulted  in  the  undertaking  of  an  inten- 
sive study  of  the  run-off  of  streams  having  their  sources  in  the  Angeles  National 
Forest  in  Los  Angeles  County.  Increased  assistance  and  much  valuable  stream-flow 
data  are  furnished  by  municipalities,  irrigation  districts,  corporations,  and  private 
parties  throughout  the  state. 

The  floods  of  January,  1916,  in  southern  California,  greatly  exceeded  the  maximum 
records  previously  recorded  by  the  Geological  Survey.  Nearly  all  the  gaging  stations 
in  this  portion  of  the  state  were  destroyed,  the  damage  to  equipment  being  approxi- 
mately $2,600.  In  a  few  instances  it  has  been  necessarj-  to  abandon  previous  sites 
and  install  entirely  new  stations  on  account  of  the  great  changes  in  the  channels 
caused  by  the  floods.  It  is  expected  that  all  this  work  will  be  reestablished  on  a 
satisfactory  basis  before  the  rainy  season  arrives. 

The  following  Surface  Water-Supply  papers  have  been  published  since  your  last 
report:  Papers  330  and  331,  which  contain  the  stream-flow  data  for  stations  in 
California  for  the  year  ending  September  30,  1912:  Paper  340,  parts  X  and  XI, 
which  lists  all  gaging  stations  maintained  in  California  from  1885  to  1913.  There 
are  also  lists  of  publications  relating  to  the  water  resources  of  the  state,  as  well  as 
hydrologic  reports  of  general  interest.  Paper  360  contains  stream-flow  records  for 
California  stations  in  the  Great  Basin  drainage  for  the  year  ending  September  30. 
1913. 

Papers  361  and  391,  annual  progress  reports  for  California  for  the  years  ending 
September  30,  1913  and  1914,  and  Paper  390,  which  contains  data  for  California 
stations  located  .in  the  Great  Ba.sin  drainage  for  the  year  ending  September  30,  1914, 
are  at  the  printing  office  and  will  bo  available  for  distribution  in  a  short  time. 

The  compilation  of  the  stream-flow  data  for  Paper  411  for  the  year  ending  Septem- 
ber 30.  1915,  is  nearly  comploted. 

In  addition  to  the  regular  publication'.',  two  special  Water-Supply  papers  are  in 
preparation  :  "Water  Resources  of  San  Diego  County,"  and  "Southern  California 
Floods  of  January,  1916."  The  former  paper  will  be  a  complete  report  covering  the 
g(?ology.  ground  waters  and  surface  waters  to  date  for  that  portion  of  the  country 
west  of  the  divide.  The  latter  paper  will  include  all  available  data  bearing  on  the 
recent  floods. 

In  the  administration  (»f  the  work  of  this  branch  of  the  Geological  Survey,  the 
district  office  is  niaintain<'d  at  32.^,  Custom  House,  San  Francisco.  A  suboffice  is 
retained  at  (>19.  Federal  Building,  Ijos  Angeles,  for  the  convenience  of  that  portion 
of  the  state.  Data  collcctod  by  all  iu-auches  of  the  Geological  Survey  may  be  con- 
sulted at  either  office. 

STREAM  FLOW. 

The  result  of  stream  niensuretneiits  made  in  the  Great  Valley  is 
sumi!iarize(l  in  the  following  tables.  Many  intermittent  streams  pour 
water  into  the  valley  in  the  rainy  seasons,  hut  they  are  so  ** flashy"  in 
eharaeter  that  it  is  impracticable  to  maintain  gaging  stations  upon 
them  with  the  funds  available  for  that  purpose. 

In  San  Joa<iuin  Valley  no  perennial  streams  reach  the  river  from  the 
west  side.  On  the  east  side  are  several  of  the  intermittent  class  of 
streams,  such  as  niowehilhi  and  Fresno  rivers,  Deer  Creek,  White 
River,  IN  so  and  Caliente  erei^ks,  all  of  which  contribute  considerable 
c|uantities  of  water  in  flood  times,  but  are  not  metered.. 

In  Kern  basin  the  only  stream  ol  sutlHeient  size  to  warrant  the  main* 
tenance  of  ^agin^  stations  is  Kern  River. 
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BIENNIAL   REPORT   OF    DEPARTMENT   OF   ENGINEERING. 


KERN  RIVER  BASIN. 

As  stated  above,  this  is  the  only  stream  in  this  region  of  suffideiit 

importaiK  v  to  warrant  a  record  of  flow  being  semired.  Gaging  records 
were  obtained  of  this  stream  by  the  State  Engineering  Department  from 
1879  to  1884.  In  1893  the  Kern  County  Land  Company,  which  controls 
all  of  the  waters  of  the  river,  established  a  gage  at  the  mouth  of  the 
canyon,  which  has  been  maintained  ever  since.  The  records,  which  are 
furnished  by  the  land  company,  show  that  for  a  period  of  23  years  the 
mean  annual  discharge  of  the  stream  was  804,000  acre-feet. 

Other  stations  are  maintained  in  the  mountains  by  different  power 
development  companies  who  are  engaged  in  or  contemplate  the  develop- 
ment of  power. 


TABLE   No.   21. 
Flow  of  Kern   River. 


Dlactaarge  in  second-feet 


Seasonal  year 


'M'^ytwitim       Minimum 


Hean 


1903-04 

1904-05  

1905-06  

1906-07  

1907-08  

1908-0) 

1900-10 

1910-11 

1911-12  

1912-18  

1913-14  

1914-15  

1915-16  

Mean,   13   years. 


8.167 
8,089 
9,506 
4,604 
2,060 
S351 
4,656 
4,628 
2,919 
1,826 

18,287 
4,249 

17,962 


IfiO 

194 

176 

488 

272 

249  , 

248  I 

248 

100 

136 

197 

226 

224 


688 

756 
2,528 
1.606 

900 
2,800 
1,020 
1.884 

679 

1.610 

917 

8,390 

1,394 


Total 
acre-feet 


469,000 

648,000 

13«O,00O 

•800,000 

«880,000 

1.690,000 

740^000 
1,000,000 

421,000 

857300 
1.004,600 

664,000 
2,468,100 

959,700 


♦Records  incomplete. 


GROUND  WATERS. 


Although  of  the  surface  waters  of  the  state,  if  all  could  be  conserved 
and  applied  to  the  lands,  there  would  be  enough  to  irrigate  all  of  the 
land  ro(|uiring  water,  physical  conditions  are  such  that  only  a  small 
l)orti(m  of  it  can  be  utilized. 

^[any  streams — those  along  the  northwest  coast,  for  instance — are  in 
r(»gions  where  little  or  no  irrij^ation  is  recpiired,  and  impassable  moiui- 
tains  lie  between  them  and  the  lands  requiring  water.  Nearl}''  all 
streams  are  subjcM't  to  periods  of  diminished  flow  alternating  with  floods. 
Nearly,  or  ([uite  all.  of  the  latter  must  go  to  waste. 

The  streams  of  the  state  afford  approximately  60,000,000  acre- feet  of 
water  annually,  and  while  some  is  intercepted  and  carried  upon  the 
lands,  and  stora^ro  in  reservoirs  will  enable  more  of  it  to  be  used,  the 
lack  of  sufficient  storage  opportunities  will  always  allow  the  great 
majority  of  the  water  to  be  dissipated. 
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All  surface  waters  come  from  precipitation  from  the  clouds  in  the 
form  of  rain  or  snow,  which,  falling  upon  the  surface  of  the  land,  and 
descending  its  slopes,  is  gathered  together  into  rivulets,  brooks  and 
rivers. 

All  of  the  precipitation,  however,  does  not  run  off  in  visible  streams, 
but  part  is  absorbed  by  the  soil,  and  always  driven  downward  by  the 
force  of  gravity,  reaches  untold  depths  in  the  earth.  A  portion  again 
finds  its  way  to  the  surface  through  natural  springs,  while  still  another 
portion  may  be  recovered  by  means  of  wells. 

Throughout  many  portions  of  the  state  large  quantities  of  water  are 
brought  to  the  surface  from  wells,  some  flowing  by  hydrostatic  force, 
others  pumped. 

Many  large  areas  of  land  exist  which  can  never  be  irrigated  from  any 
surface  source,  but  often  are  underlaid  with  water-bearing  strata,  from 
which  a  supply  may  be  obtained.  Indeed,  a  number  of  prosperous  com- 
munities have  grown  up  from  the  profitable  cultivation  of  the  soil  under 
irrigation  from  wells. 

All  of  the  cities,  towns  and  homes  throughout  the  San  Jomiuin  Valley 
obtain  water  for  domestic  use  from  underground  sources. 

To  ascertain  the  extent  and  accessibility  of  bodies  of  underground 
water  then  is  a  contemporaneous  duty  with  that  of  investigating  the 
surface  supply.  Responding  to  that  duty  the  United  States  Geological 
Survey,  in  cooperation  with  the  state  and  other  public  agencies,  has 
been  for  several  years  prosecuting  research  into  matters  affecting  the 
recovery  of  water  from  underground  and  applying  it  to  use  on  the 
surface. 

The  first  field  of  investigation  after  cooperation  was  established  be- 
tween the  government  and  the  state,  was  in  the  foothill  belt  of  southern 
California,  followed  by  examinations  in  San  Joaquin  Valley.  In  1909 
a  report  was  published  of  research  made  in  a  portion  of  the  Colorado 
Desert  known  as  Coachella  Valley.  A  report  was  also  made  of  the 
underground  resources  of  Antelope  Valley,  a  part  of  the  Mojave  Desert. 
In  1912  surveys  of  underground  water  was  begun  in  Santa  Clara  Valley 
and  in  Sacramento  Valley,  the  results  of  which  have  been  published. 

Observations  of  the  effects  on  the  underground  supply  due  to  pump- 
ing and  seasonal  replenishment  have  been  ('onducted  for  several  years 
in  southern  California,  the  results  having  been  published  from  time  to 
time. 

By  the  cooperation  of  the  city  of  Los  Angeles,  exhaustive  study  was 
made  of  the  underground  storage  in  the  detritus  cones  at  the  mouths  of 
the  streams  entering  Owens  Valley  from  the  Sierras. 

The  city  and  county  of  San  Diej^o  have  cooperated  in  investigations 
of  the  water  resources,  underground  and  surface,  of  the  county  west  of 
the  mountain  divide.     The  report  will  soon  be  published. 
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A  comprehensive  volume  on  the  mineral  and  hot  springs  of  California 
was  published  since  the  last  report.  A  perusal  of  this  interesting  work 
is  convincing  that  all  the  healing  virtues  of  the  famous  spas  of  Europe 
are  possessed  by  the  waters  of  our  own  springs. 

About  700  springs  of  various  degrees  of  importance  are  described, 
scores  of  which  were  not  known  to  the  public  until  the  publication  of 
this  report.  It  may  be  stated  that  by  no  means  have  all  of  these  springs 
been  developed  as  health  or  pleasure  resorts,  and  undoubtedly  many  of 
those  now  unknown  will  some  day  become  famous  for  their  healing 
virtues. 

A  partial  list  of  reports  and  publications  treating  of  the  underground 
waters  of  California,  issued  from  the  government  press  as  ** Water 
Supply  Papers, ' '  follows : 

Development  and  Application  of  Water  in  Southern  California, 

Part  I.     J.  B.  Lippincott.     1902. 
Development  and  Application  of  Water  in  Southern  California, 

Part  II.     J.  B.  Lippincott.     1902. 
Water  Resources  of  Salinas  Valley.     Homer  Hamlin.     1904. 
Underflow  Tests  in  the  Drainage  Basin  of  Los  Angeles  River. 

Homer  Hamlin.     1905. 
Underground    Waters    in    Eastern    Coastal    Plane   of   Southern 

California.     W.  C.  Mendephall.     1906. 
Underground    Waters    in    Central    Coastal    Plane    of    Southern 

California.     W.  C.  Mendenhall.     1905. 
Underground    Waters    in   Western   Coastal    Plane   of   Southern 

California.     W.  C.  Mendenhall.     1905. 
Hydrology  of  San  Bernardino  Valley.     W.  C.  Mendenhall.    1905. 
Ground  Waters  and  Irrigation  in  Southern  California  Foothill 

Belt.     W.  C.  Mendenhall.     1908.  / 

Preliminary    Report   on    the    Ground    Waters   of    San    Joaquin 

Valley.     W.  C.  Mendenhall.     1908. 
Ground   Waters   of   Indio    Region    (Coachella   Valley).     W.  C. 

Mendenhall.     1909. 
Water  Resources  of  Antelope  Valley.     H.  R.  Johnson.    1911. 
Water  Resources  of  Part  of  Owens  Valley.     C.  H.  Lee.    1912, 
Springs  of  California.     G.  A.  Waring.     1915. 
W.  S.  P.  No.  345-H.     Ground   Water   Resources  of   the   Niles  Cone   and   Adjacent 

Areas.     W.  O.  Clark.     1915. 
W.  S.  P.  No.  375-A.     Ground   Waters  for   Irrigation  in   Sacramento  Valley.    Kirk 

Bryan.     1915. 
W.  S.  P.  No.  398.     Ground   Waters   of   San   Joaquin   Valley.     W.    C.    Mendenhall, 

R.  B.  Dole  and  Herman  Stabler.     1916. 

The  cooperative  investigations  of  underground  water  resources  during 
the  biennium  ending  June  30,  1916,  were  conducted  under  the  direction 
of  Mr.  N.  C.  Grover,  chief  hydraulic  engineer,  water  resources  branch, 
and  Mr.  0.  E.  Meinzer,  geologist,  in  charge,  ground  water  division, 
who.se  report  follows: 


w.  s.  p. 

No. 

dc7> 

w.  s.  p. 

No. 

60. 

w.  s.  p. 

No. 

89. 

w.  s.  p. 

No. 

112. 

w.  s.  p. 

No. 

137. 

w.  s.  p. 

No. 

138. 

w.  s.  p. 

No. 

339. 

w.  s.  p. 

No. 

142. 

w.  s.  p. 

No. 

219. 

w.  s.  p. 

No. 

223. 

w.  s.  p. 

No. 

225. 

w.  s.  p. 

No. 

278. 

w.  s.  p. 

No. 

298. 

w.  s.  p. 

No. 

338. 
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REPORT    TO    THE    DEPARTMENT    OF    ENGINEERING    ON    THE 
PROGRESS  OF  THE   GROUND  WATER  INVESTIGATIONS  IN 
CALIFORNIA  BY  THE  WATER  RESOURCES  BRANCH  OF  THE 
UNITED  STATES  GEOLOGICAL  SURVEY  FOR  1914-1915. 
By  O.  E.  Meinzeb,  Geolc^ist  in  charge,  Ground  Water  Division. 

A  comprehensive  report  on  the  springs  of  California  by  G.  A.  Waring 
was  published  as  Water  Supply  Paper  338.  It  contains  410  pages  of 
text  and  17  illustrations,  including  a  topographic  and  geologic  map  of 
California  and  a  map  showing  the  location  and  mineral  character  of 
the  principal  springs  of  the  state. 

The  final  report  on  ground  water  in  the  San  Joaquin  Valley,  by 
W.  C.  Mendenhall,  R.  B.  Dole,  and  Herman  Stabler,  was  published  as 
Water  Supply  Paper  398.  It  contains  310  pages  of  text,  a  map  showing 
artesian  areas  and  ground  water  levels  in  San  Joaquin  Valley,  and  other 
maps  and  diagrams. 

The  field  work  for  the  ground  water  survey  of  the  Sacramento  Valley, 
which  was  begun  in  September,  1912,  was  continued  by  Kirk  Bryan, 
and  was  completed  about  January  1,  1915.  A  preliminary  report  by 
Mr.  Bryan  on  groimd  water  for  irrigation  in  the  Sacramento  Valley 
was  published  as  Water  Supply  Paper  375-A,  and  the  maps  and  manu- 
script for  the  final  report  on  the  region  were  nearly  completed.  The 
preliminary  report  contains  49  pages  of  text  and  eight  illustrations; 
it  includes  a  map  of  the  valley  showing  depths  to  ground  water  and  a 
summary  table  of  statistics  of  ground  water  irrigation. 

Much  progress  was  made  by  W.  0.  Clark  in  the  ground  waiter  survey 
of  the  Santa  Clara  Valley,  which  was  begun  in  August,  1912.  A  report 
on  the  ground  water  resources  of  the  Niles  Cone,  which  is  a  part  of  the 
Santa  Clara  Valley,  was  prepared  by  Mr.  Clark  and  published  as  Water 
Supply  Paper  345-H.  This  report  contains  42  pages  of  text  and  a 
detailed  map  showing  fluctuations  of  the  water  table,  etc.  It  includes 
an  estimate  of  the  quantity  of  ground  water  annually  available  in  the 
area.  At  the  request  of  the  Department  of  Agriculture,  a  special  report 
was  prepared  by  Mr.  Clark  on  the  ground  water  supply  of  the  Morgan 
Hill  area,  which  is  also  a  part  of  the  Santa  Clara  Valley.  This  report 
is  to  be  published  as  a  part  of  Water  Supply  Paper  400.  Levels  were 
run  by  L.  F.  Briggs  to  determine  the  altitude  of  observation  wells  in 
parts  of  the  Santa  Clara  Valley. 

Since  1900  measurements  of  depths  to  the  water  level  in  a  series  of 
wells  in  southern  California  have  been  made  at  intervals  for  the  purpose 
of  obtaining  a  record  through  many  years  of  the  relations  between  the 
contributions  to  the  underground  reservoirs  in  the  rainy  seasons  and 
the  withdrawals  from  them  in  the  dry  seasons,  when  ground  water  is 
pumped  for  irrigation  and  is  withdrawn  in  larjjfc  quantitiei?  by  evapo- 
ration and  transpiration.  Most  of  the  records  for  the  period  prior  to 
1909  have  been  published  in  Water  Supply  Papers  213  and  251;  the 
records  for  1909,  1910  and  1912,  together  with  a  brief  discussion  by 
W.  C.  Mendenhall,  were  published  during  the  biennial  period  in  Water 
Supply  Paper  331.  The  work  is  at  present  being  carried  on  by  F.  C. 
Ebert,  who  has  selected  companion  wells  and  otherwise  improved  the 
methods.  Mr.  Ebert  has  also  made  progress  in  the  tabulation  of  all 
available  water  level  data  for  the  reorion. 


164  BIENNIAL  REPORT   OP  DEPARTMENT   OP  ENGINEERING. 

A  survey  of  the  groimd  waters  in  the  San  Jacinto  Valley,  begun 
several  years  ago  by  W.  C.  Mendenhall,  was  resumed  by  6.  A.  Waring, 
who  did  considerable  additional  field  work  and  nearly  completed  the 
report  on  the  area  for  publication  as  a  Water  Supply  Paper. 

An  investigation  of  the  ground  water  resources  of  the  part  of  San 
Diego  County  lying  west  of  the  divide  was  begun  by  A.  J.  Ellis  and 
C.  H.  Lee.  Practically  all  of  the  field  work  and  most  of  the  office  work 
were  completed  by  June  30,  1916.  The  results  are  to  be  embodied  in  a 
comprehensive  report  on  the  water  resources  of  the  coimty.  The  water 
samples  were  analyzed  by  S.  C.  Dinsmore.  Financial  cooperation  was 
furnished  by  the  city  of  San  Diego. 


IRRIGATION  INQUIRY. 

In  1905,  the  state  of  California  and  the  United  States  Department  of 
Agriculture  entered  into  a  cooperative  agreement  for  the  investigation 
of  subjects  relating  to  irrigation  and  continuously  since  that  time  the 
investigations  have  been  going  on. 

The  United  States  is  represented  in  this  matter  by  the  Office  of  Public 
Roads  and  Rural  Engineering,  formerly  by  the  Office  of  Experiment 
Stations,  while  the  Department  of  Engineering  represents  the  state. 

By  cooperation  w'ith  the  college  of  agriculture  of  the  University  of 
California  and  the  use  of  a  portion  of  the  University  Farm  at  Davis, 
Yolo  County,  for  experiments,  the  work  is  broadened  and  intensified 
to  the  mutual  advantage  of  all  concerned. 

The  subjects  receiving  particular  attention  in  the  investigations 
pursued  are: 

The  duty  of  water  as  applied  to  diflEerent  crops  under  varying  con- 
ditions, and  the  factors  which  influence  it. 

Methods  of  irrigation  with  a  view  of  securing  better  practice. 

Methods  and  costs  of  pumping. 

Loss  from  canals  through  seepage,  evaporation  and  wasteful  methods 
and  the  best  means  of  reducing  them. 

The  organization  of  irrigation  enterprises,  particularly  irrigation 
districts  and  mutual  water  companies. 

During  the  biennium  just  closed,  special  attention  has  been  given 
to  the  study  of  duty  of  water  in  the  irrigation  of  alfalfa.  In  addition 
to  the  experiments  conducted  on  the  University  Farm,  extensive 
observations  and  experiments  have  been  conducted  throughout  the 
Sacramento  Valley. 

Alfalfa  farms  have  been  selected  having  widely  different  character- 
istics of  soil,  of  drainage,  of  preparation  and  other  features  which 
affect  the  application  of  water  and  its  influence  on  production.  The 
quantity  of  water  applied  and  its  rate  of  application  were  measured. 
The  movement  of  the  water  through  the  soil,  the  depth  and  rate  of 
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penetration,  and  time  of  retention,  all  were  ascertained.  And  finally 
the  crop  was  weighed  and  the  yield  per  acre  learned. 

All  of  the  experiments  demonstrate  beyond  question  that  at  Davis 
the  irrigation  of  alfalfa  increases  the  yield  according  to  the  quantity 
of  water  applied  up  to  a  depth  of  irrigation  of  36  inches ;  that  the 
further  application  of  12  inches  of  water  is  without  effect,  while  a  still 
greater  increase  of  irrigation  water  causes  a  decrease  in  crop  yield. 

The  increase  of  crops  due  to  each  increment  of  water  added  from 
12  to  30  inches  is  sufficient  to  insure  additional  profit  for  each  irrigation, 
but  the  application  of  an  additional  six  inches  of  water  may  cost  as 
much  as  the  profits  on  the  slight  increase  of  yield  amounts  to,  while 
water  applied  beyond  36  inches  may  result  in  absolute  loss. 

Thirty  to  thirty-six  inches  in  depth  then  is  the  limit  of  profitable 
application  of  water  to  the  irrigation  of  alfalfa  under  the  conditions 
of  soil  and  climate  found  at  Davis. 

The  experiments  conducted  extensively  elsewhere  show  that  the  same 
law  applies  throughout  the  Sacramento  Valley. 

It  may  be  argued  that  the  results  obtained  as  above  stated  would 
not  apply  in  other  regions,  say  in  Oregon  or  Arizona. 

It  is  admitted  that  under  varying  conditions  the  line  of  demarcation 
between  profit  and  loss  due  to  the  quantity  of  water  applied  will  not 
be  exactly  at  30  or  36  inches,  but  it  is  urged  that  no  matter  whether  it 
be  20  inches  or  48,  or  any  other  depth,  the  diagram  illustrates  a  law 
that  applies  to  the  irrigation  of  alfalfa,  and  probably  of  all  other  crops, 
everywhere. 

There  is  a  quantity  which  can  be  determined  within  comparatively 
narrow  limits  which  will  give  the  best  results.  That  limit  the  irrigator 
should  know,  and  it  is  a  duty  of  government  to  ascertain  it  for  him — 
a  duty  the  cooperating  agencies  mentioned  are  endeavoring  to  perform. 

In  studying  methods  of  irrigation,  considerable  attention  has  been 
liiven  since  the  last  report  to  overhead  irrigation  by  sprinkling. 

The  study  of  irrigation  districts  was  concluded  and  the  results  were 
published  as  Bulletin  No.  2  of  this  department  and  is  reproduced  in 
this  volume  as  an  appendix. 

It  might  seem  that  the  question  of  flood  control  is  foreign  to  irrigation 
inquiry,  but  when  flood  waters  can  be  directed  upon  porous,  sandy 
lands  into  which  the  water  can  rapidly  sink,  losing  or  lessening  its 
destructive  force,  and  these  same  waters  can  afterward  be  recovered 
and  used  for  irrigation,  the  solution  of  the  problem  of  flood  control 
contributes  to  the  development  of  irrigation. 

The  success  in  Los  Angeles  and  adjacent  counties  attending  the 
practice  of  causing  flood  flows  of  streams  from  the  mountains  to  forsake 
their  channels  and  spread  over  the  debris  cones  at  the  mouths  of  the 
canyons  has  been  carefully  investigated,  and  the  application  of  the 
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principle  to  the  flashy  streams  of  Coaehella  Valley  has  been  made  the 
subject  of  study,  a  report  upon  which  appears  herein  under  the  proper 
title. 

Sanitary  engineering  is  another  subject  that  would  at  first  thought 
appear  to  be  outside  the  purview  of  irrigation  inquiry,  but  since  many 
communities  have  diflSculty  in  disposing  of  their  wastes,  the  study  of 
the  best  methods  of  applying  sewage  irrigation  is  a  proper  subject  for 
inquiry,  and  a  systematic  project  has  been  outlined. 

The  great  waste  attending  the  operation  of  pumps  for  irrigation,  a 
waste  that  is  apparent  to  every  engineer  who  gives  even  casual  attention 
to  the  matter  is  being  pursued,  and  plans  are  laid  for  more  vigorous 
investigation  of  the  subject  in  the  near  future. 

Cooperative  investigations  into  the  various  phases  of  irrigation 
during  the  past  two  years  have  been  conducted  by  Frank  Adams, 
irrigation  manager  in  charge,  under  the  direction  of  Samuel  Portier, 
chief  of  irrigation  investigations,  Office  of  Public  Roads  and  Rural 
Engineering,  United  States  Department  of  Agriculture. 

The  report  of  cooperative  irrigation  investigations,  together  with  a 
comprehensive  paper  dealing  with  investigations  of  the  economic  duty 
of  water  for  alfalfa  in  Sacramento  Valley,  and  the  report  on  flood 
control  in  Coaehella  Valley,  hereafter  presented  as  Appendixes  C  and 
D,  respectively. 
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PROGRESS  REPORT  OF  COOPERATIVE  IRRIGATION  INVESTIGA- 
TIONS IN  CALIFORNIA,  1914-1916. 
By  Frank  Adams,  Irrigation  manager  in  charge.* 

Cooperative  irrigation  investigations  have  been  continued  in  Cali- 
fornia during  the  past  two  years  along  the  general  lines  previously  fol- 
lowed, the  principal  cooperating  agencies  continuing  to  be  the  United 
States  Department  of  Agriculture,  the  California  State  Department  of 
Engineering,  and  the  University  of  California  Agricultural  Experiment 
Station. 

On  July  1,  1915,  the  irrigation  investigations  of  the  Department  of 
Agriculture  were  transferred  from  the  Office  of  Experiment  Stations, 
Dr.  A.  C.  True,  director,  to  the  Office  of  Public  Roads  and  Rural  Engi- 
neeriDg,  Logan  Waller  Page,  director. 

Investigations  Under  Way,  1914-1916. 

The  main  field  w^ork  of  the  past  two  years  has  been  the  completion 
of  the  studies  of  the  duty  of  water  for  alfalfa  begun  in  Sacramento 
Valley  in  1910,  and  Imperial  Valley  in  1914. 

The  results  of  the  work  in  Sacramento  Valley  are  attached  hereto 
entitled  "Investigation  of  the  Economical  Duty  of  Water  for  Alfalfa 
in  Sacramento  VaUey,  California,  1910-1915.'' 

This  manuscript  covers  the  cooperative  experiments  on  the  duty  of 
water  for  alfalfa  begun  on  the  irrigation  tract  on  the  University  Farm, 
at  Davis,  in  1910  and  field  studies  relating  to  the  same  subject  conducted 
on  54  alfalfa  farms  in  Sacramento  Valley  during  1913,  1914,  and  1915, 
and  on  a  special  experimental  tract  near  Willows,  during  1915. 

Results  of  the  work,  both  at  Davis  and  on  the  Sacramento  Valley 
alfalfa  farms,  have  already  been  partly  reported  in  reviews  of  the 
•cooperative  irrigation  investigations  during  the  two  preceding  bienniums 
Drinted  in  the  third  and  fourth  biennial  reports  of  the  Department  of 
Engineering. 

The  results  in  Imperial  Valley  during  the  two-year  period,  1914-1916. 
are  now  in  course  of  preparation  by  Mr.  C.  E.  Tait  and  Mr.  Frank  J. 
Veihmeyer;  they  are  in  part  also  being  used  in  the  preparation  of  a 
general  treatise  on  irrigation  of  alfalfa  in  Imperial  Valley,  by  Walter 
E.  Packard,  superintendent  of  the  Imperial  Valley  Substation  of  the 
Universitv  of  California  Agricultural  Experiment  Station,  with  whom 
Messrs-  Tait  and  Veihmeyer  have  been  cooperating. 

Other  work  under  way  during  the  past  two  years,  with  its  present 
statiis,  is  outlined  below : 

1.  Stndy  of  irrigation  Di'StricU  in  California,  1887  1915.  Com- 
pleted, October,  1915,  and  published  as  Bulletin  No.  2  of  the  State 
Department  of  Engineering. 

In  addition  to  the  study  of  irrigation  districts  in  California,  the 
gathering  of  information  about  irrigation  districts  in  the  other  western 
states  has  been  continued,  the  expenses  of  this  latter  work  being  paid 
only  in  part  from  the  fund  set  aside  for  cooperative  irrigation  investiga- 
tions in  Californiii. 

rJS?^^  MJ*  direction  of  Samuel  Portier,  chief  of  Irrigation  Invea titrations.  Office  of 
iniwic  Roads  and  Rural  Engineering.  United  States  Department  of  Agriculture. 
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2.  Study  of  Land  Settlement  Conditions  in  California.  This  was 
started  in  the  spring  of  1914  and  in  part  furnished  a  basis  for  the  Land 
Settlement  Bill  (Senate  Bill  No.  509)  considered  in  the  last  legislature. 
During  the  present  season  investigations  have  been  conducted  in  coopera- 
tion with  the  State  Commission  on  Land  Colonization  and  Rural  Credits, 
the  college  of  agriculture  of  the  University  of  California,  and  the  Com- 
monwealth Club  of  California,  the  participation  of  the  California 
cooperative  irrigation  investigations  during  the  season  of  1916  being 
limited  to  informal  cooperation  with  the  agencies  named. 

3.  Investipations  at  Davis.  As  heretofore,  the  cooperative  irrigation 
studies  and  experiments  carried  on  on  the  irrigation  tract  at  the  Uni- 
versity Farm,  at  Davis,  other  than  those  relating  to  the  duty  of  water 
for  alfalfa  above  referred  to,  have  had  to  do  with  the  irrigation  of  and 
the  duty  of  water  for  oats,  wheat,  barley,  corn,  potatoes,  sugar  beets, 
and  orchards  and  vineyards,  and  with  certain  phases  of  the  irrigation  of 
alfalfa  other  than  duty  of  water. 

During  the  season  of  1916  two  experimental  spray  irrigation  plants 
have  been  added  to  the  equipment  on  the  tract  and  experiments  in  the 
irrigation  of  vegetables  by  sprinkling  have  been  begun  in  cooperation 
with  the  division  of  Olericulture  of  the  Department  of  Agriculture  of 
the  University;  also  experiments  in  the  irrigation  of  small  fruits  by 
sprinkling  in  cooperation  with  the  division  of  Pomology. 

With  the  close  of  1915  the  duty  of  water  studies  and  experiments  with 
the  field  crops  mentioned  as  outlined  in  1911  were  completed  and  a  full 
report  of  these  experiments  and  studies,  including  experiments  and 
studies  for  several  previous  seasons,  has  been  prepared  by  Mr.  S.  IT. 
Beckett,  irrifiration  engineer,  locally  in  charge  at  Davis,  and  is  ready 
for  publication.  In  the  work  at  Davis,  Mr.  Beckett  has  been  assisted 
by  Mr.  0.  W.  Israelsen  and  Mr.  Roy  Wray. 

4.  Irrigation  of  Small  Fruits  in  California.  Information  along  this 
line  gathered  from  time  to  time,  some  years  ago,  has  been  worked  over 
and  supplemented  by  further  field  studies  by  Wells  A.  Hutchins,  and  his 
report  thereon  has  been  published  bv  the  college  of  agriculture  of  the 
Universitv  of  California  as  Circular  154. 

5.  Irrigation  of  Ficr  in  Sacramento  Valley.  Cooperation  with  the 
Bureau  of  Plant  Industry  of  the  United  States  Department  of  Agri- 
culture was  begun  in  1914  at  the  Rice  Experiment  Station  at  Biggs,  a 
preliminary  report  thereon  having  been  submitted  with  the  report  of 
cooperative  irrigation  investigations,  1912-1914. 

This  cooperation  has  now  continued  during  a  three-year  period,  the 
subjects  under  investigation  having  been  the  duty  of  water  for  rice  on  a 
40-acre  field  adjoining  the  experiment  station,  the  depth  of  submerginfj 
the  rice  fields  during  the  principal  .season  of  irrigation,  the  time  of  sub- 
mergence with  reference  to  planting  and  the  emergence  of  the  plants 
above  ground,  the  temperature  of  the  water  in  the  rice  fields,  and  the 
eflfe^'t  of  stasmant  water  on  the  growth  of  the  rice. 

This  work  has  been  done  under  the  immediate  supervision  of  Mr. 
Ralph  D.  Robertson,  irrigation  engineer,  who  now  has  in  preparation 
a  practical  farmers  bulletin  on  rice  irrisration  in  Sacramento  Vallev. 

During  the  season  of  191  f)  further  data  on  rice  irrigation  and  on  the 
duty  of  water  for  rice  have  boon  gathered  on  18  fields  on  the  west  anH 
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east  sides  of  Sacramento  Valley  in  the  general  vicinities  of  Willows, 
MaxweU,  Princeton,  Nelson,  Richvale,  Biggs,  Qridley  and  Marysville. 

This  latter  study  has  been  conducted  under  a  separate  cooperative 
agreement  between  the  OflSce  of  Public  Roads  and  Rural  Engineering 
and  the  California  State  Water  Commission,  so  that  a  report  thereof 
will  be  submitted  to  that  commission. 

The  work  has,  however,  been  supervised  by  Mr.  Robertson,  and  the 
information  gathered  is  also  being  used  by  him  in  the  preparation  ot* 
the  farmers  bulletin  referred  to. 

6.  Irrigation  of  Orch<irds.  A  scientific  study  of  fundamental  ques- 
tions relating  to  the  irrigation  of  orchards  in  California  has  long  been 
needed,  but  funds  have  not  been  available  for  making  it. 

It  is  now  hoped,  however,  to  take  up  this  work  at  once  as  one  of  the 
main  projects  of  the  investigations,  and  as  a  preliminary  to  doing  so 
a  reconnaissance  was  made  during  the  season  of  1916  of  present  practice 
in  orchard  and  vineyard  irrigation  in  northern  and  central  California, 
and  during  this  same  period  additional  data  have  been  gathered  by 
Mr.  C.  E.  Tait,  irrigation  engineer,  on  the  irrigation  of  walnuts  and 
citrus  fruits  in  southern  California. 

There  has  been  found  to  exist  a  wide  variation  in  methods  of  orchard 
irrigation  which  is  only  partly  due  to  differences  in  physical  conditions, 
and  what  is  needed  is  a  thorough  understanding  of  the  effect  of  differ- 
ences in  soil  moisture  content  on  the  different  physiological  processes 
of  the  trees  and  on  the  quantity  and  quality  of  the  product. 

The  field  is  so  large  in  California,  conditions  vary  so  widely,  and  so 
many  different  orchard  fruits  are  grown  here  that  many  years  will 
be  required,  together  with  a  considerable  fund  for  field  expenses,  to 
bring  results  commensurate  with  the  importance  of  the  problems 
involved. 

7.  Pumping  for  Irrigation.  As  pointed  out  in  the  report  of  coopera- 
tive irrigation  investigations  for  the  preceding  biennium,  pumping  for 
irrigation  has  increased  very  rapidly  in  California  in  recent  years, 
rendering  it  important  that  all  possible  wastes  in  the  installation  and 
operation  of  farmers'  irrigation  pumping  plants  shall  be  avoided. 

A  project  has  therefore  been  outlined  in  immediate  charge  of  Mr. 
Milo  B.  Williams,  irrigation  engineer,  looking  to  the  practical  field 
study  of  the  problems  involved. 

During  the  present  season  a  reconnaissance  of  irrigation  pumpinj? 
practice  throughout  the  state  has  been  made  by  Mr.  Williams  and 
Mr.  S.  H.  Beckett,  irrigation  engineers,  and  this  will  serve  as  a  guide? 
to  the  questions  it  is  of  most  importance  to  consider  first. 

Some  of  the  wastes  that  should  be  overcome  are  the  results  of  poor 
arrangement,  excessive  lift  above  the  ground  surface,  and  improper 
relation  between  lift,  speed,  and  type  of  pump. 

At  present  the  principal  work  undertaken  alon^r  this  line  will  be 
done  on  a  relatively  few  plants  so  selected  as  to  give  them  the  most 
value  as  demonstrations. 

8.  Mutual  Irrigation  Compamcfi  ui  California.  The  report  covering 
this  subject  previously  mentioned  as  heinor  in  preparation  by  ^Ir.  C.  E. 
Tait,  irrigation  engineer,  is  now  practically  complete  and  will  be  avail- 
able for  publication  during  1917. 

9.  Preparation  of  Land  for  Alfalfa  Irriciaiion.  One  of  the  most 
important  of  the  early  cooperative  irrigation  studies  in  California  had 
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to  do  with  the  preparation  of  land  for  irrigation  and  methods  of  apply- 
ing water,  the  results  being  published  as  OflSce  of  Experiment  Stations 
Bulletin  No.  145. 

The  data  presented  in  Bulletin  No.  145  were  supplemented  and 
revised  in  later  farmers  bulletins  issued  by  the  Department  of  Agricul- 
ture (Nos.  263,  373,  392,  399,  and  404),  but  due  to  changes  in  methods 
and  costs  it  has  been  found  desirable  to  make  further  studies,  alfalfa 
being  first  taken  up. 

Much  new  material  regarding  the  preparation  of  land  for  alfalfa 
irrigation  was  gathered  in  the  course  of  the  study  of  the  economical 
duty  of  water  for  alfalfa  in  Sacramento  Valley  previously  referred  to, 
but  additional  data  on  this  subject  have  been  gathered  throughout 
California  by  Mr.  S.  H.  Beckett,  irrigation  engineer,  during  1916. 

The  writing  of  a  new  manuscript  on  the  preparation  of  land  for 
alfalfa  irrigation  has  therefore  been  undertaken,  the  work  being 
assigned  to  Messrs.  S.  H.  Beckett  and  R.  D.  Robertson. 

10.  Minor  Cooperative  Irrigation  Projects  at  DoAjis.  In  connection 
with  the  irrigation  studies  and  experiments  on  the  irrigation  tract  on 
the  University  Farm,  at  Davis,  several  subprojects  have  been  started 
in  cooperation  with  different  divisions  of  the  University  Agricultural 
Experiment  Station,  those  relating  to  the  irrigation  of  small  fruits  and 
vegetables  by  the  sprinkling  methods  having  already  been  referred  to. 

Others  now  under  way  are:  (a)  Irrigation  of  vines,  in  cooperation 
with  the  division  of  Viticulture,  the  work  being  done  on  the  small 
experimental  vineyard  planted  on  the  irrigation  tract  in  1911 ;  (fe)  irri- 
gation of  orchards  and  small  fruits  at  Davis,  in  cooperation  with  the 
division  of  Pomology;  and  (c)  small  plat  experimentjs  on  the  effect  of 
the  flooding  and  furrow  methods  of  irrigation  on  soil  bacteria,  in 
cooperation  with  the  division  of  Soil  Chemistry  and  Bacteriology. 

Another  subproject,  partly  carried  on  at  Davis,  has  dealt  with  certain 
problems  of  irrigation  physics,  chiefly  with  a  new  method  of  determin- 
ing the  volume  weight  of  soils  **in  place,"  this  work  being  done  in 
cooperation  with  the  division  of  Soil  Technology. 

Special  Reports. 

Special  reports  have  been  made  from  time  to  time  at  the  request  of 
committees  and  local  organizations. 

The  chief  of  these  has  been  a  preliminary  report  on  conservation 
and  control  of  flood  water  in  Coachella  Valley  made  at  the  request  of 
local  parties  by  Mr.  C.  E.  Tait,  irrigation  engineer,  under  specific 
instructions  of  the  director  through  the  chief  of  irrigation  investigations. 

In  this  connection,  and  in  order  to  be  able  to  recommend  to  the 
Coachella  Valley  Storm  Water  District  proper  methods  of  controllinf? 
and  conserving  the  storm  waters  menacing  Coachella  Valley,  Mr.  Tait 
made  a  careful  investigation  of  the  spreading  of  storm  water  in  Santa 
Ana  River,  San  Antonio  Creek,  Lytic  Creek,  and  Santiago  Creek,  in 
Los  Angeles  and  San  Bernardino  counties,  and  of  the  experiments  with 
check  dams  made  by  officials  of  Los  Aneroles  County  in  Haines  Canyon. 

Mr.  Tait\s  report,  fully  illustrated,  follows  as  Appendix  D. 

The  other  of  the  more  important  special  reports  prepared  during  the 
past  two  j^ears.  none  of  which  has  been  intended  for  publication,  have 
been  as  follows: 
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1.  Report  on  the  feasibility  of  the  proposed  South  Santa  Clara 
Irrigation  District  near  Morgan  Hill,  Santa  Clara  County. 

In  this  report,  which  was  made  with  the  assistance  of  Mr.  S.  T. 
Harding,  irrigation  engineer,  the  organization  of  the  proposed  district, 
with  a  view  to  providing  means  for  a  complete  field  investigation  and 
report  on  the  project,  was  recommended. 

2.  Report  on  the  feasibility  of  a  pumping  irrigation  project  at 
Oakley. 

This  was  merely  a  preliminary  report  to  assist  the  people  at  Oakley 
in  determining  whether  they  should  unite  for  a  final  survey.  It  was 
prepared  by  Mr.  S.  T.  Harding,  irrigation  engineer,  and  showed  that 
such  a  project  as  has  been  contemplated  for  the  Oakley  section  is 
entirely  feasible  from  an  engineering  standpoint. 

3.  Report  on  the  feasibility  of  the  proposed  Cosumnes  Irrigation 
District. 

This  report  was  made  with  the  assistance  of  Professor  T.  Francis 
Hnnt  of  the  college  of  agriculture  of  the  University  of  California,  and 
among  other  recommendations  made,  was  one  for  a  more  detailed  soil 
survey  prior  to  finally  determining  the  best  course  to  pursue. 

Through  the  courtesy  of  Dean  Thomas  F.  Hunt  and  Professor  Charles 
P.  Shaw  of  the  college  of  agriculture  of  the  University  of  California, 
this  survey  is  to  be  made  beginning  about  November  15,  1916. 

Silt  Determinations  on  Colorado  River. 

During  the  heavy  floods  in  Colorado  River  in  January  and  February, 
1916,  Mr.  F.  J.  Veihmeyer,  assistant  irrigation  engineer,  took  a  number 
of  samples  of  water  from  Colorado  River  at  Yuma  and  from  different 
points  on  Imperial  and  Yuma  canals  for  making  determinations  of 
the  amounts  of  silt  carried.  Additional  samples  were  taken  from 
Imperial  Canal  and  from  flooded  fields  in  Imperial  Valley  during  the 
Slimmer. 

AU  of  these  samples  have  been  settled  in  tubes  in  Los  Angeles  and 
the  results  will  later  be  used  in  connection  with  similar  data  previously 
collected  from  Colorado  River  and  canals  by  Mr.  C.  E.  Tait. 

Sewage  Irrigation. 

Although  not  directly  a  part  of  the  cooperative  irrigation  investiga- 
tions in  California,  a  project  has  been  begun  on  sewage  irrigation, 
under  the  immediate  direction  of  Mr.  Milo  B.  Williams,  irrigation 
engineer.  Mr.  Williams  is  assisting  a  number  of  California  cities  and 
towns,  and  also  the  University  Farm,  at  Davis,  in  working:  out  better 
plans  than  are  now  followed  in  profitably  utilizing  sewage  in  irrigation, 
the  expense  of  this  work  being  almost  wholly  paid  for  from  funds 
other  than  those  allotted  for  cooperative  irrigation  investigations  in 

California. 

Lectures,  Advice,  and  Assistance. 

Members  of  the  cooperative  irrigation  investigations  staff  have  con- 
tinued to  be  called  on  frequently  to  give  lectures  before  local  bodies 
and  communities  on  irrigation  topics,  the  number  of  such  lectures  given 
dnring  the  past  biennium  excoedinf?  the  number  given   during  any 
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previous  like  period.    Frequently  expert  advice,  both  in  the  oflBce  and 
in  the  field,  has  been  called  for  and  given  to  the  extent  practicable. 

Irrigation  Legislation. 

As  in  previous  years,  assistance  in  drafting  needed  irrigation  legis- 
lation has  been  rendered  during  sessions  of  the  legislature  at  the  request 
of  the  Department  of  Engineering  and  of  members  of  the  legislature. 

In  1915  the  principal  work  of  this  nature  had  to  do  with  amendments 
to  the  California  irrigation  district  act  designed  to  make  public  regu- 
lation of  irrigation  districts  commensurate  with  the  obligation  and 
responsibility  of  the  state  in  the  organization  of  irrigation  districts, 
and  in  the  issuance  of  bonds  and  the  construction  of  works  with  the 
proceeds  of  such  bonds. 

Present  Status  of  Irrigation  in  California. 

The  past  two  years  have  been  a  period  of  some  improvement  in  the 
financial  conditions  of  California  irrigation  projects,  of  some  increase 
in  the  irrigated  acreage,  chiefly  in  Imperial  Valley  and  in  the  rice  fields 
of  Sacramento  Valley,  and  of  the  beginning  of  a  number  of  new  impor- 
tant irrigation  projects. 

The  improvement  in  the  financial  condition  of  California  irrigation 
projects  has  in  part  been  reflected  in  the  higher  price  received  for 
irrigation  district  bonds  and  in  part  in  the  financial  reorganization  of 
several  of  the  larger  projects,  such  as  some  of  those  in  Sacramento 
Valley  that  were  started  within  the  last  ten  years,  but  which  found 
themselves  unable  to  succeed  according  to  the  original  plans  of  their 
promoters. 

The  area  devoted  to  rice  growing  in  California,  relatively  small 
down  to  1914,  increased  to  32,000  acres  in  1915,  and  to  an  estimated 
63,000  acres  in  1916,  of  which,  in  1916,  about  95  per  cent  has  been  in 
Sacramento  Valley,  with  the  remainder  chiefly  in  San  Joaquin  Valley. 

This  new  crop,  and  also  the  rapidly  increasing  acreage  of  cotton  in 
Imperial  Valley,  estimated  at  98,000  acres  in  1916,  including  about 
55,000  acres  south  of  the  state  boundary,  has  brought  forward  for 
study  and  solution  many  irripration  questions  that  are  new  to  Cali- 
fornia; and,  in  the  case  of  rice,  this  new  development  has  stimulated 
new  construction  or  oxton.sions  of  irrijration  projects  to  a  degree  that 
is  of  prreat  relative  importance. 

The  construction  within  the  past  two  years  of  the  Great  Western 
Canal,  already  one  of  the  larger  of  the  state's  irrigation  channels, 
would  not  have  been  feasible  at  this  time  except  for  the  demands  of 
rice  irrijjation,  and  needs  of  this  crop  on  the  west  side  of  Sacramento 
Valley  have  been  a  considerable  factor  in  facilitating  steps  toward  the 
financial  reorpranization  of  the  Sacramento  Valley  project. 

The  pending  reorganization  of  this  project  so  as  to  divide  the  area 
served  by  Central  Canal  into  two  irrigation  districts  aergregating 
35,000  acn'S.  an  additional  district  or  company  of  about  90,000  acres 
directly  under  Central  Cnnal,  and  sneh  other  smaller  divisions  as  are 
later  needed  to  care  for  the  remainder  of  the  area  under  Central  Canal. 
give  promise  of  turning  a  very  unsucco«?sfvil  enterprise  into  one  that 
can  begin  to  succeed. 
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Of  the  irrigation  districts  recently  formed  in  California  construction 
is  well  advanced  in  Anderson-Cottonwood, .  Lindsay-Strathmore,  and 
Carmichael  districts,  and  construction  plans  are  well  under  way  in 
West  Side  (Tracy)  and  Terra  Bella  districts. 

In  the  Fresno  section  the  big  water  problem  continues  to  be  the  work- 
ing out  of  some  form  of  organization  of  the  six  communities  involved 
in  the  use  of  water  from  Kings  River  for  the  financing  and  construction 
of  the  prox>osed  Pine  Flat  reservoir,  and  for  the  coordination  of  the 
requirements  of  both  irrigation  and  drainage. 

A  solution  of  the  problem  has  recently  been  brought  nearer  by  the 
completion  for  the  United  States  Reclamation  Service  of  a  thorough 
engineering  study  of  the  entire  situation,  both  as  it  affects  the  late- 
season  irrigation  needs  of  much  of  the  land  now  irrigated  from  Kings 
River,  and  the  drainage  needs  of  extensive  areas  of  lands  injured  by 
the  rise  of  ground  water. 

By  a  combined  plan  of  constructing  the  proposed  Pine  Flat  reservoir 
and  of  withdrawing  water  from  water-logged  areas,  both  in  normal 
years  and  to  carry  over  abnormally  dry  years,  the  way  now  seems  open, 
onder  proper  organization  and  financing,  for  caring  for  the  needs  of 
800,000  acres  physically  tributary  to  Kings  River  and  commercially 
tributary  to  the  towns  and  cities  of  Fresno  County. 

In  Los  Angeles  County  the  outstanding  irrigation  event  of  the  past 
two  years  has  been  in  connection  with  the  development  of  San  Fernando 
Valley.  A  temporary  irrigation  system  was  constructed  to  care  for 
immediate  irrigation  needs,  but  the  installation  of  a  complete  pipe 
distributing  system  to  supply  Los  Angeles  aqueduct  water  to  76,000 
acres  in  Los  Angeles  County  "Water.  Works  District  No.  8,  is  now  under 
way  and  well  advanced,  the  total  bond  issue  to  cover  its  cost  being 
♦2,606,000. 

In  addition,  plans  are  completed  and  some  preliminary  work  has  been 
done  by  the  city  of  Los  Angeles  for  a  similar  distributing?  system  for 
11,215  acres  comprised  in  Los  Angeles  Municii)al  IniprovcMuent  District 
No.  2,  lying  within  Los  Angeles  in  San  Fernando  Valley,  a  bond  issue 
of  $360,000  being  pending  to  cover  the  cost  of  the  iniprovcniont. 

In  Imperial  Valley  the  chief  events  of  interest  have  b(M*n  connected 
with  the  final  taking  over  of  the  Imperial  Canal  by  Imperial  Trrit;ation 
IMstrict.  the  ultimate  form  of  control  to  he  established,  and  the  exten- 
sion of  the  High-line  canal  on  the  east  side  of  the  valley  to  add  a  total 
of  130,000  acres  to  the  area  in  the  valley  under  ditch. 

While  Imperial  Irrigation  District  was  at  last  al)le  to  solve  th«^ 
intricate  legal  and  financial  questions  involved  in  t]i(>  transfer  of  the 
property  from  the  creditors  of  the  old  California  l)cvclo])rin'nt  Com- 
pany, it  has  not  thus  far  succeeded  in  overcoming  certain  physi(*al 
difficulties  connected  with  maintaininf^  an  adequate  water  supply  at 
aU  times. 

As  a  result  of  these  physical  difficulties,  and  also  because  of  the 
nnman  problems  involved  in  workin<r  out  cooperatively  sneh  larijc 
'luestions  as  Imperial  Valley  presents,  the  ])ro])osal  to  s(»ck  some  kind  of 
6  working  agreement  with  the  Fnited  States  KiH'lamation  St^rviee  has 
again  come  into  first  place  before  th«»  peo]>le  of  the  valley. 

In  the  mean  time  consultinj^  en^-neers  have  been  employed  to  reeom- 
ni^nd  a  two-year  program  of  reconstruction  that  will  include,  among 
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other  things,  a  new  heading  in  Colorado  River,  straightening  of  por- 
tions of  the  Alamo  channel  in  Mexico,  to  add  grade  and  reduce  silting, 
strengthening  of  levees  in  the  region  of  Volcano  Lake,  replacing  of 
numerous  structures  and  adding  others,  and  some  final  decision  regard- 
ing the  extension  of  Cerro  Prieto  Canal. 
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PART  III. 


STATE  ROADS  AND  HIGHWAYS. 

Two  distinct  systems  of  public  highways  are  under  state  adminis- 
tration in  California. 

One  system  dates  from  1895  when  the  legislature  declared  the  road 
from  Placerville,  El  Dorado  County,  to  the  state  line  near  Lake  Tahoe 
to  be  a  state  road,  and  created  a  commission  to  take  charge  of  it.  The 
other  system  was  inaugurated  in  1910  when  the  people  voted  a  bond 
I  issue  of  $18,000,000  with  which  to  construct  a  system  of  highways 
throughout  the  state.  The  fund  so  provided,  and  the  construction  of 
the  highways  thereunder,  are  administered  by  a  branch  of  the  Depart- 
ment of  Engineering  delegated  for  that  purpose  and  designated  the 
California  Highway  Commission. 

For  convenience  in  distinguishing  the  two  systems  of  highways 
described  above,  the  roads  built  or  acquired  with  the  proceeds  of  state 
bonds  are  designated  state  highways,  while  the  roads  of  the  other  class 
I  are  referred  to  upon  the  records  of  the  department  as  state  roads. 
I  Leaving  the  discussion  of  the  state  highways  for  another  article,  a 
brief  description  of  the  state  roads,  and  the  work  expended  upon  them 
during  the  last  two  years,  is  here  presented. 

State  Roads. 

The  system  of  state  roads,  beginning  with  the  acquisHion  by  the  state 
of  the  Placerville-Lake  Tahoe  road,  as  stated  above,  has  been  gradually 
extended  from  time  to  time  by  the  taking  over  to  state  control  of  county 
roads  and  the  construction  of  new  roads  in  the  mountainous  regioiLs 
where  the  building  and  maintenance  of  roads  in  condition  for  free 
travel  would  be  beyond  the  financial  ability  of  the  counties  supporting 
them.  The  system  now  embraces  a  number  of  roads,  each  created  ])y  a 
special  act  of  the  legislature,  and  bearing  the  name  usually  designated 
in  the  act  creating  it.  These  roads  are  situated  in  many  different 
counties  and  aggregate  about  700  miles  in  length.  The  oflficial  names 
and  the  counties  traversed  by  them  are  as  follows : 

Alpine  State  Highway — El  Dorado,  Alpine,  Mono,  Calaveras  and 

Amador. 
Auburn-Emigrant  Gap  State  Highway — Placer. 
Big  Oak  Plat  State  Highway — Tuolumne  and  Maripasa. 
California  Redwood  Park  State  Road — Santa  Cruz  and  San  Mateo. 
Emigrant  Gap  State  Road — Placer  and  Nevada. 
Kings  River  Canyon  State  Road — Fresno. 
Lake  Tahoe  Wagon  Road — El  Dorado. 
Lassen  State  Highway — Lassen. 
Mono  Lake  Basin  State  Road — Mono. 


176  BIENNIALi  REPORT   OP  DEPARTMENT  OP  BNGINBBEING. 

McKinneys-Donner  Lake  State  Highway — Placer  and  Nevada. 

Myers  Station-McKinneys  State  Road — El  Dorado  and  Placer. 

Pasadena  State  Highway — ^Los  Angeles. 

Sierra  State  Highway — Sierra. 

Sonora-Mono  State  Road — Tuolumne,  Alpine  and  Mono. 

Tahoe  City-Crystal  Bay  State  Highway — Placer. 

Trinity-Humboldt  State  Highway — Trinity  and  Humboldt. 

It  will  be  observed  that  some  of  the  foregoing  are  called  **  State 
Roads,'*  while  others  are  termed  ** State  Highways."  There  is  no 
reason  why  all  should  not  be  designated  by  the  same  term.  Most  of 
the  names  are  long  and  cumbersome,  several  being  compound  and  far 
from  euphonious,  while  some  are  misleading  as  a  designation  of  locality. 
Severahof  these  roads  traverse  localities  wherein  were  enacted  much  of 
the  romance  and  tragedy  of  California's  early  history,  and  might 
appropriately  bear  names  commemorative  of  those  events.  The  further 
discussion  of  this  subject  will  appear  in  another  article. 

The  foregoing  list  of  state  roads  is  arranged  alphabetically,  but  in 
the  following  descriptions  they  are  arranged  so  the  descriptions  will 
appear  in  a  regular  sequence,  according  to  the  locality  of  the  roads. 
For  convenience,  all  roads  under  this  division  are  referred  to,  in  the 
records  of  the  department,  as  state  roads. 

Kings  liivcr  Canyon  Road.  Established  1906  by  act  of  the  legisla- 
ture, to  connect  the  roads  of  Fresno  County  at  (Jeneral  Grant  National 
Park  with  the  famous  Kings  River  Canyon,  a  rival  of  Yosemite  Valley 
in  scenic  beauty  and  grandeur.  The  only  means  of  access  to  this 
wonderful  region  is  by  pack  trail.  The  surveyed  length  is  32.8  miles, 
of  which  14.5  miles  were  built  up  to  November  30,  1914,  at  a  cost  of 
$88,632  for  construction  and  maintenance.  No  appropriation  was  made 
for  this  road  by  the  legislature  in  1915,  but  during  the  last  period 
there  was  $5,958  expended  for  maintenance  from  the  Motor  Vehicle 
Fund.     This  road  is  under  the  care  of  J.  E.  Mitchell,  superintendent. 

Mono  Lake  Basin  Road.  The  historv  of  this  road  has  been  somewhat 
stormy  and  it  is  believed  to  warrant  being  set  out  at  some  length. 

For  many  years  the  people  of  Inyo,  ^lono  and  Alpine  counties  had 
advocated  the  construction  of  a  road  across  the  Sierras,  giving  a  direct 
route  of  travel  betw(»en  the  conunnnitics  on  the  east  side  of  the  moun- 
tains and  the  valleys  on  the  west. 

After  the  creation  of  the  State  lUiroau  of  Highways  in  1895  and  its 
subsequent  changci  into  the  State  Department  of  Highways,  renewed 
efforts  were  made  1o  obtain  the  road.  During  1896-7--8  the  Highway 
Commissioners  made  examination  of  .several  mountain  passes  that  were 
suggested  and  recommended  the  a(lopti(m  of  a  route  through  Leevining 
Creek.  In  1899  a  eommis-sion  was  appointed  by  the  Secretary  of  War 
to  report  upon  roads  for  Yosemite  National  Park  and  the  California 
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Commissioner  of  Highways  was  made  a  member  of  the  eommission. 
The  joint  commission  inspected  three  routes  across  the  range,  viz: 
Leevining  Creek  Canyon,  Bloody  Canyon  and  Mill  Creek  Canyon, 
declaring  the  first-named  to  be  feasible. 

In  1899  the  legislature  appropriated  $25,000  for  the  construction  of 
a  "free  wagon  road  connecting  Mono  County  roads  with  the  Tioga 
road"  and  directed  the  Department  of  Highways  to  locate  and  construct 
the  same. 

The  Tioga  Road  was  a  toll  road  built  by  a  mining  company  to  give 
access  to  the  Tioga  mine.  It  extended  from  the  Big  Oak  Flat-Yosemite 
Valley  road,  near  Crockers  Station,  up  the  Tuolumne  River,  past 
Tuolumne  Meadows  and  over  the  summit  to  the  mine.  The  length  is 
approximately  64  miles.  The  Highway  Commissioner  was  evidently 
not  favorable  to  the  Leevining  route  as  he  caused  a  survey  to  be  made 
in  1900  of  the  Bloody  Canyon  route.  A  change  in  commiasioners  having 
occurred,  in  1901  the  Bloody  Canyon  route  was  abandonecl  and  a  survey 
made  up  Leevining  Creek. 

In  1902  a  contract  was  let  for  the  constmcti(m  of  4.19  miles  of  the 
east  end  of  the  road.  The  contractor  completcni  the  work  in  1903,  but 
the  commissioner  refused  to  accept  it  on  the  ground  that  it  did  not 
conform  to  specifications.  He  retained  $3,500  of  tlie  money  claimed  by 
the  contractor,  and  in  1904  completed  the  work  to  his  own  satisfaction 
at  a  cost  of  $4,441.80,  which  was  paid  for  out  of  the  $3,500  retained 
and  a  $1,000  certified  check  the  contractor  had  deposited  in  lieu  of  a 
bond. 

In  the  mean  time  the  legislature  had  appropriated  another  $25,000, 
and  in  1904  a  contract  was  let  for  the  construction  of  the  remaining 
5.11  miles  for  the  sum  of  $23,861.  After  completin<r  about  two  miles 
of  his  contract  the  contractor  failed  and  in  1 909  the  indemnity  company 
which  had  furnished  a  bond  for  the  contractor  undertook  to  comi)lete 
the  contract,  but  in  doing  so  they  ignored  the  survey  and  s(4ected  a 
different  route  in  places. 

The  company  succeeded  at  a  cost  of  $18,0{K)  in  buildinf^:  the  road 
through  to  a  connection  with  the  Tioga  road.  The  State  Engineer 
who  had  succeeded  to  the  duties  of  State  Highway  Commissioner 
refused  to  accept  the  road  as  constructed  upon  lines  and  in  a  manner 
not  prescribed  by  the  specifications.  In  February,  1912,  a  settlement 
was  effected  and  final  payment  of  $5,300.42  made,  that  being  the  balance 
remaining  from  the  appropriation. 

The  cost  to  the  state  for  construction  and  for  maintenance  during 
construction  to  the  time  of  settlement  was  $58,210  and  the  loss  to  con- 
tractors about  $17,000  more,  making  the  total  eost  of  9.3  miles  of  road 
amount  to  $75,000. 
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The  Tioga  road  was  coiistrueted  by  the  Great  Sierra  Wagon  Road 
Company,  a  subsidiary  of  the  Great  Sierra  Consolidated  Silver  Com- 
pany, who  was  engaged  in  exploiting  the  Tioga  Mine.  The  road  was 
built  as  a  toll  road  under  a  franchise  from  the  county  of  Tuolumne. 
Shortly  after  its  completion  the  mine  ceased  to  operate  about  1882  or 
1884,  and  that  being  the  principal  reason  for  building  the  road,  and 
the  only  incentive  to  travel  excepting  by  stockmen  and  a  few  hardy 
tourists  who  visit  the  high  mountains  in  summer.  The  traflSc  over  the 
road  was  small.  Being  charged  toll  on  this  road  and  also  over  the  Big 
Oak  Flat  toll  road  to  reach  it,  tended  also  to  discourage  travel. 

After  travel  to  the  mines  ceased,  the  amount  paid  for  tolls  was 
insufficient  to  maintain  collectors,  hence  the  road  received  but  little 
attention  from  its  owners.  Occasionally  fallen  timber  was  removed, 
and  perhaps  the  worst  washouts  repaired  so  that  the  road  was  kept 
measurably  passable  for  teams,  and  a  few  availed  themselves  of  the 
shorter  route  f5pom  ^lono  Lake  Basin  to  the  interior  valley. 

Fifty-three  miles  of  the  road  traverse  the  Yosemite  National  Park 
and  in  1915  the  government  acquired  it  as  an  asset  to  the  park,  and 
the  state  legislature  appropriated  $3,000  for  the  purchase  of  that  part 
of  the  Tioga  road,  approximately  seven  miles  in  length,  lying  between 
the  park  boundary  and  the  Big  Oak  Flat  road.  (Chap.  306,  1915.) 
A  requirement  of  the  act  was  that  the  county  of  Tuolumne  should 
terminate  the  franchise  of  the  toll  road  company. 

At  the  same  time  another  act  was  passed  (Chap.  396,  1915)  declaring 
the  Big  Oak  Flat  toll  road,  32  miles  long,  from  Jack  Bell  sawmill  to 
Cascade  Creek,  a  state  highway.  To  become  effective  the  act  required 
the  county  of  Tuolunme  to  acquire  the  road  and  transfer  it  to  the  state 
and  also  to  set  over  to  the  state  the  county  road  connecting  the  Big 
Oak  Flat  road  with  the  Tuolumne  lateral  of  the  state  highway  near 
Chinese  Camp.  All  of  these  requirements  being  met,  the  road  extend- 
ing from  the  Valley  Trunk  State  Highway  between  Stockton  and 
Modesto  to  Mono  Lake,  is  now  a  state  hishway  excepting  the  link  of 
53  miles  through  the  Yosemite  National  Park,  which  is  maintained  by 
the  park  authorities. 

In  addition  to  the  transmountain  road  operated  by  the  state  and 
government,  by  the  acquisition  of  the  Big  Oak  Flat  toll  road,  the  state 
has  acquired  a  branch  or  spur  road  extending  from  Sequoia,  through 
the  Tuolumne  Big  Tree  grove,  14  miles  to  Cascade  Creek,  within  about 
five  miles  of  the  wonderful  Yosemite  Valley.  About  eight  miles  of 
this  road  is  inside  the  Yosemite  National  Park.  The  extension  of  the 
road  from  Cascade  Creek  to  Yosemite  Valley  is  under  the  jurisdiction 
of  the  park  superintendent. 
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The  total  distance  from  the  state  highway  near  Chinese  to  Mono  Lake 
is  approximately  as  follows: 

Chinese  to  Big  Oak  Flat  Road 27  miles 

Big:  Oak  Flat  Road  to  Sequoia ~ 19  miles 

Sequoia  Park   line 7  miles 

Park  line  to  Tioga  Pass  (Government  Road) 53  miles 

Tioga  Pass  to  Mono  Lake  Basin  Road — 1  mile 

Mono  Lake  Basin  Road 9  miles 

Total   116  miles 

To  connect  this  road  with  the  Sonora-Mono  state  road  at  Bridgeport 
will  require  the  acquisition  and  improvement  of  about  34  miles  of 
county  highway  now  in  fair  condition. 

All  of  this  distance  excepting  five  miles  in  Leevining  Creek  Canyon 
is  included  in  a  proposed  state  highway  connecting  Bridgeport,  Mono 
County,  and  Independence,  Inyo  County,  which  will  be  constructed 
following  the  approval  of  the  new  $15,000,000  bond  issue  for  state 
highways. 

Since  the  state  acquired  the  Tioga  and  Big  Oak  Flat  toll  roads  con- 
necting the  state  highway  system  with  the  Mono  Lake  basin  state  road, 
much  work  has  been  done  in  construction  and  improvement.  This  work 
has  been  done  under  the  direction  of  Superintendent  E.  E.  Newell, 
while  W.  H.  Stone  is  in  charge  of  the  Mono  Lake  basin  division,  the 
costs  being  met  by  allotments  from  the  Motor  Vehicle  Fund. 

S&nora  Mono  State  Boad.  This  was  formerly  a  toll  road  extending 
across  the  mountains  from  Sonora,  Tuolumne  County,  to  Bridgeport, 
Mono  County.  In  the  days  of  mining  activity  in  Bodie  it  was  a  very 
active  thoroughfare,  but  with  the  decline  of  travel  to  the  mines,  it  ceased 
to  be  profitable  as  a  toll  road,  and  in  1901  the  legislature  declared  that 
part  of  it  beginning  at  Long  Barn,  20  miles  from  Sonora,  a  state  high- 
way. No  appropriation  was  made  for  the  road,  and  as  the  owners  had 
sadly  neglected  it  the  road  was  in  a  very  deplorable  condition.  Nearly 
all  bridges  and  culverts  were  decayed  and  the  roadbed  itself  was  in  bad 
condition. 

In  1903  the  sum  of  $4,000  was  appropriated  for  maintenance  for  two 
years,  but  with  78  miles  of  dilapidated  road  to  rebuild,  the  appropriation 
could  go  but  a  little  way.  It  w^as  estimated  that  repairs  to  the  road 
would  require  the  construction  of  258  culverts,  26  small  bridges,  four 
larger  bridges  of  35  to  75  feet  span,  with  grading  and  other  work, 
entailing  an  expense  of  $26,000. 

In  1905  the  legislature  appropriated  $28,000  for  improvement,  main- 
tenance and  repairs.  A  power  company  was  engaged  in  constructing 
reservoirs  in  the  Tuolumne  River  canyons,  and  to  expedite  its  work, 
rebuilt  38  miles  of  the  road  from  Long  Bam  without  cost  to  the  state. 
With  the  funds  appropriated  and  a  further  appropriation  in  1907  of 
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si>12,0()0,  the  remaining  40  miles  was  greatly  improved,  including  the 
construction  of  a  steel  truss  bridge  of  70  feet  span  over  West  Walker 
River,  and  a  concrete  bridge  over  the  East  Fork,  besides  two  other 
reinforced  concrete  bridges  of  18  and  20  feet  span,  respectively. 

Superintendent  L.  C.  Chase  has  been  in  charge  of  the  improvement 
and  maintenance  of  the  west  division  of  this  road  from  Long  Bam  to 
Summit  and  Superintendent  C.  ^1.  Stewart  has  had  charge  of  the  work 
on  the  -  east  division  from  Summit  to  Bridgeport.  The  moneys  for 
maintenance  of  this  road  are  obtained  from  the  Motor  Vehicle  Fund. 

Alpine  State  Road.  In  1911  the  legislature  passed  an  act  by  w^hich 
a  number  of  roads  traversing  Calaveras,  Amador,  Alpine,  Mono  and 
El  Dorado  counties  were  declared  a  state  highway.  Thase  were  roads 
constructed  by  the  counties  or  by  toll  road  companies  and.  afterwards 
acquired  by  the  counties,  and  aggregate  217  miles. 

For  convenience  the  Alpine  road  is  divided  into  four  divisions,  as 
follows : 

Al^nne   roa^l,  from   Osgoods,   on   the   Tahoe   state   road,   through 

Markleeville  to  Mount  Bullion. 
Valavcra^  hranch,  from  Calaveras  Big  Trees  Grove,  through  Ebbetts 

Pass  to  Mount  Bullion. 
Amador  hranch,  from  Jackson,  Amador  County,  by  way  of  Carson 

Pass,  to  connect  with  the  Alpine  road  at  Picketts,  in  the  lower 

end  of  Hope  Valley. 
Mono  branch,  from  Little  Antelope  Valley  to  a  connection  with  the 

Sonora-Mono  road,  at  junction  on  East  Fork  of  West  Walker 

River. 

A  section  24  miles  in  length  between  Mcmnt  Bullion  and  Little  Ante- 
lope Valley  has  never  been  constructed.  A  survey  was  made  in  1912, 
which  indicated  that  instead  of  running  from  Bullion  by  way  of  Loop  to 
Silver  King  Valley,  a  better  route  is  up  the  Carson  River  to  Silver  King 
Valley. 

If  this  road  from  (Calaveras  branch  to  the  Alpine  road  in  Antelope 
Valley  were  constructed  it  would  enable  travel  to  go  to  Bridgeport  via 
either  Tioga  or  Souora-Mono  road  and  return  by  Calaveras  or  Amador, 
or  continue  on  to  Lake  Tahoe,  where  the  choice  is  offered  of  returning 
to  Sacramento  Valley  by  the  way  of  Placerville  or  Truckee  and  Auburn, 
and  all  without  leaving  the  state.  Until  that  link  shall  be  completed, 
one  must  go  into  Nevada  in  ordc^r  to  pass  between  Mono  and  Alpine 
counties. 

No  appropriation  was  made  for  maintenance  and  improvement  of  the 
Alpine  state  roads  by  the  legislature  of  1915.  During  the  two  years 
last  passed,  such  work  has  been  executed  with  moneys  allotted  from  the 
Motor  Vehicle  Fund,  as  follows:  repair  and  reconstruction  of  road 
bed ;  improvement  of  grade  and  alignment,  and  construction  of  bridges 
and  culverts. 
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The  four  divisions  of  this  road  are  under  the  supervision  of  the 
following-named  superintendents :     . 

Alpine  trunk  from  Osgoods  on  Placerville-Tahoe  road  to  Pieketts, 
Woodfords,  Markleeville  and  Bullion ;  Ebbetts  Pass  branch  from  Bullion 
to  Pacific  Valley;  Carson  Pass  branch  from  Pieketts  to  Silver  Lake  is 
under  Grant  P.  Merrill.  The  Carson  Pass  branch  from  Jackson  to 
Silver  Lake  is  in  the  care  of  L.  H.  Cook ;  P.  W.  ^Mathews  has  charge  of 
the  Ebbetts  Pass  branch  from  the  Big  Trees  to  Pacific  Valley;  while 
the  ^lono  division,  from  Antelope  Valley  to  Junction  on  the  Sonora- 
!Moiio  road  is  under  the  care  of  C.  M.  Stewart.  These  men  have  been 
in  charge  of  their  respective  divisions  for  several  years,  and  the  growing 
popularity  of  these  roads  with  the  summer  tourist  testifies  to  the  quality 
of  the  work  accomplished  by  them  with  limited  funds  and  under  unfav- 
orable natural  conditions. 

Frosts  and  snow  slides  in  winter  and  cloudburst^s  in  summer  play  sad 
havoc  with  the  roadways,  requiring  constant  and  sometimes  strenuous 
€*ffort  to  repair  the  damage. 

The  work  of  maintaining  a  mountain  road  in  the  condition  reciuired 
for  comfortable  automobile  travel  requires  the  faithful  application  of 
knowledge  which  can  be  gained  only  by  experience,  such  as  the  road 
force  of  the  department  possesses. 

Ijake  TahoC'Pla<'ervUle  Rodd.  This  road  was  the  first  mountain  road 
acquired  by  the  state.  It  wai?  originally  a  toll  road  incorporated  as  the 
Lake  Tahoe  Wagon  Road.  It  began  near  Smiths  Flat,  three  miles  east 
of  Plaeerville  and  extended  over  the  mountain,  for  the  most  part  follow- 
ing the  overland  stage  route  to  the  state  line  near  Lake  Tahoe.  It  was 
declared  to  be  a  state  road  by  act  of  the  legislature,  approved  ^larch 
23,  1895.  (Chap.  128-1895.)  For  several  years  this  road  was  can»d 
for  by  the  Lake  Tahoe  Wagon  Road  Commissioner  at  a  salary  of  $800 
a  year.  Biennial  appropriations  were  made  for  its  maintenance,  but 
they  were  not  large  enough  to  permit  much  improvemcMit  to  be  efl^ected. 

In  1899  the  sum  of  $25,000  was  appropriated  to  repair  and  rebuild  the 
road,  build  bridges  and  make  a  survey  of  it.  A  stone  bridge  81  fiM't 
long,  across  the  American  River,  was  completed  in  1901.  The  com- 
missioner at  this  time  was  receiving  $50  a  month. 

In  1905  the  legislature  appropriated  $15,200  for  salary,  maintenance 
and  bridges. 

In  1907  the  Department  of  Kngineering  took  over  the  management  of 
the  road,  completed  a  stone  bridge  partly  const ruct(»d  over  Trout  Oeek, 
and  finished  making  a  survey  of  the  road. 

The  survey  is  marked  by  concrete  monuim^nts  s(»t  below  the  road 
surface  at  intervals  of  1,000  feet  along  th(»  center  line  of  the  road. 
Granite  mile  stones,  marked  to  d(\sio:nate  the  distance,  are  set  conspicu- 
ously by  the  roadside.  These  stones  are  6x18  inches  by  54  inches  long, 
and  were  cut  and  marked  in  the  state  prison  at  Represa. 
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ConstaBt  improvement  of  the  road  has  been  progressing  ever  since 
the  department  took  charge.  Several  miles  at  the  lower  end  are 
sprinkled  daily  during  the  summer. 

In  1915  the  legislature  passed  an  act  extending  the  state  road  from 
Smiths  Flat  to  Placerville,  where  it  connects  with  the  El  Dorado  Lateral 
of  the  state  highw^ay  system.  The  total  length  from  Placerville  to  the 
state  line  is  65  miles. 

MyerS'McKinney  State  Road.  Myers  Station  on  the  Placerville- 
Tahoe  state  road  is  in  Lake  Valley,  some  eight  or  nine  miles  south  of 
Tallac,  a  summer  resort  on  the  lake  shore.  Prior  to  1913,  tourists 
desiring  to  pass  from  one  end  of  the  lake  to  the  other  by  teams  or  auto- 
mobile, were  compelled  either  to  ferry  30  miles  on  barges,  which  was 
uncomfortable  and  dangerous,  or  drive  to  Carson  and  Reno,  Nevada, 
to  Truckee,  and  then  back  to  Tahoe,  a  distance  of  about  100  miles. 

In  1911  the  legislature  appropriated  $25,000  to  make  surveys  and 
construct  a  road  from  Myers  Station  to  the  lake  shore  and  around  the 
west  side  of  the  lake  to  McKinneys.  a  resort  on  the  west  shore  and  the 
end  of  a  road  leading  to  Truckee.  The  road,  27|  miles  long,  was  opened 
to  trafl&c  in  1913,  though  not  completed  until  later. 

Improvement  has  been  expended  upon  the  road  every  summer  until 
it  is  now  a  very  popular  scenic  way,  skirting  the  shores  of  the  lake  above 
the  bluffs.  Much  remains  yet  to  be  done  in  widening:  turns,  but  this 
is  being  done  as  rapidly  as  funds  are  provided. 

The  Lake  Tahoe  and  the  Myers-McKinney  state  roads  are  in  charge 
of  Superintendent  H.  L.  Leventon. 

McKinneys  to  Bonner  Lake.  In  1915  the  legislature  declared  the 
road  running  from  McKinneys  to  Tahoe  city,  and  thence  to  Truckee 
and  the  w-est  end  of  Donner  Lake,  a  state  road.  No  appropriation  was 
made.  As  soon  as  the  transfer  could  be  completed  the  Department  of 
Engineering  took  charge  of  maintenance  and  improvement. 

The  road  connects  with  the  Myers-McKinneys  state  road  at  the  south 
end  and  with  the  Emigrant  Gap  state  road  at  Donner  Lake. 

Tahoe-Crysfal  Bay  Eoad.  The  legislature,  in  1915,  made  provision, 
by  appropriating:  $3,000,  for  the  survey  and  construction  of  a  state 
road  along  the  north  shore  of  Lake  Tahoe  from  Tahoe  city  to  the  state 
line  at  Crystal  Bay.  The  road  has  been  surveyed  and  with  the  appro- 
priation provided,  supplemented  by  $3,000,  furnished  for  the  purpose 
bv  Placer  Countv.  a  considerable  portion  has  been  constructed.  When 
completed,  this  road  will  enable  one  to  travel  entirely  around  Lake 
Tahoe  in  California  over  state  roads. 

Emigrauf  Gap  Foa4.  This  road  begins  at  Emigrant  Gap,  on  the 
ridge  between  Bear  and  American  rivers,  and  extends  thence  along  the 
route  traveled  by  the  ill-fated  Donner  party  and  other  immigrants 
coming  into  (^alifornia  in  jjioneer  days,  through  Donner  Pass  to  the 
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west  end  of  Donner  Lake.  Here  it  connects  with  the  state  road  to  Lake 
Tahoe  established  by  legislative  action  in  1915.  The  same  session  of 
the  legislature  also  declared  the  road  from  Emigrant  Gap  to  Auburn 
a  state  road,  so  that  now  the  Emigrant  Gap  road  really  extends  from 
Auburn  to  Truckee  over  the  route  traversed  by  the  old  emigrant  trail. 

The  original  Emigrant  Gap  state  road  was  taken  over  by  the  state  in 
1909.  (Chap.  224-1909.)  Most  of  the  roadbed  was  built  by  the  Central 
Pacific  Railroad  to  facilitate  construction  in  that  stupendous  undertak- 
ing. After  the  railroad  abandoned  it,  the  county  maintained  it  as  a 
county  highway.  The  roadway  was  narrow  with  many  steep  and  rocky 
stretches.  The  bridges  were  all  wooden  and  badly  dilapidated  when 
the  state  took  it  in  charge.  These  have  been  mostly  eliminated  by  the 
construction  of  concrete  bridges  and  concrete  or  iron  culverts,  through- 
out the  old  Emigrant  Gap  road,  and  the  same  treatment  is  being  applied 
to  the  extensions — east  to  Truckee  and  west  to  Auburn. 

Mr.  E.  M.  Baxter,  who  has  been  in  charge  of  the  Emigrant  Gap  road 
for  several  years,  is  superintendent  and  directs  the  work  over  the  entire 
route  from  Auburn  to  Truckee,  from  Truckee  to  Tahoe  City  and 
Crystal  Bay,  and  from  Tahoe  City  to  McKinneys. 

The  most  notable  improvements  effected  on  the  Emigrant  Gap  road 
this  biennium  was  replacing  two  dilapidated  wooden  bridges  over  the 
South  Fork  of  Yuba  River  and  one  over  Castle  Creek  with  substantial 
reinforced  concrete  bridges,  and  the  substitution  of  several  concrete 
culverts  for  wooden  structures. 

Several  other  culverts  and  small  bridges  will  be  built  during  the 
months  when  little  travel  will  interfere  with  the  work,  so  that  the 
traveler  of  next  season  will  have  little  to  complain  of  in  the  matter  of 
*' rickety"  culverts. 

Sierra  State  Highway.  This  road  was  authorized  l)y  act  of  the  legis- 
lature in  1907,  at  which  time  $12,000  was  appropriated  to  make  surveys 
and  construct  the  road.  It  is  defined  as  running  from  Downieville  to 
Mount  Pleasant,  a  distance  of  20  miles.  About  14.J  miles  have  been 
surveyed,  and  in  1908  there  were  constructed  2.9  miles  beginning  at 
Dowieville,  at  a  cost  of  $8,018.97.  The  remainder  of  the  fund  was 
exhausted  in  surveys  and  in  maintenance,  the  last  of  the  money  being 
used  in  1912.  There  have  been  no  appropriations  or  expenditures  upon 
the  road  since  the  last  named  date. 

This  road  would  be  about  20  miles  long  if  completed.  Less  than  three 
miles  have  been  constructed  at  a  cost  of  nearly  $12,000.  In  its  uncom- 
pleted condition  it  does  not  afford  convenience  to  any  considerable 
number  of  people  and  if  completed  would  not  connect  any  important 
<*enters  of  population  or  industrial  activity:  nor  will  it  afford  Downie- 
ville a  good  means  of  reaching  the  Sacramento  Valley. 
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It  is  not  considered  by  this  writer  to  he  a  desirable  road  to  maintain 
and  it  is  believed  that  it  should  not  be  maintained  unless  completed. 
The  suggestion  is  here  made  that  the  road  be  abandoned  as  a  state  road. 

Lassen  State  Road.  By  act  approved  April  22,  1911,  the  legislature 
declared  the  county  road  beginning  on  the  boundary  line  between 
Lassen  and  Shasta  counties  in  the  northeast  corner  of  T.  37  N.,  R.  6  E., 
and  running  thence  to  the  Lassen-Modoc  County  line  in  T.  38  N.,  R. 
8  E.,  a  state  road.  The  road  as  described  originates  in  Pall  River 
Valley,  runs  northeasterly  via  Pittville  and  Bieber  and  up  Big  Valley 
to  the  county  line  a  few  miles  below  Adin.     The  length  is  29  miles. 

The  act  establishing  it  appropriated  $5,000  for  improvement  and 
maintenance.  No  records  are  available  of  how^  the  money  was  expended, 
but  no  doubt  some  benefit  was  received  from  the  expenditure  of  the 
appropriation. 

Since  the  present  administration  assumed  charge,  no  appropriation 
has  been  made  but  considerable  work  has  been  expended  in  improve- 
ment and  maintenance,  the  costs  being  met  from  the  Motor  Vehicle 
Fund.  This  work  is  under  the  supervision  of  Superintendent  H.  E. 
Wood. 

Trinity  and  Humboldt  Boad.  This  road  was  provided  for  first  by 
an  appropriation  in  1903  of  $1800  for  a  survey  of  a  road  from  North 
Fork,  Trinity  County,  to  some  point  at  or  near  China  Flat,  in  Hum- 
boldt County.  A  survey  of  22  miles  of  the  route  was  made,  exhausting 
the  appropriation  so  that  the  remaining  22  miles  was  left  unsurveyed. 
In  1907  an  appropriation  of  $50,000  was  made  for  a  road  connecting  the 
roads  of  Humboldt  County  with  those  of  Trinity,  Shasta  and  Tehama 
counties.  Several  routes  were  considered,  each  of  which  had  strong 
advocates,  but  financial  considerations  finally  led  to  the  selection  of 
the  **Mad  River  Low  Gap''  route. 

Construction  was  commenced  in  1909  and  on  October  3,  1912,  the 
first  automobile  passed  over  the  road.  Although  open  to  traffic,  the 
road  was  not  completed  for  another  year  and  even  then  was  not  supplied 
with  bridges  over  South  Fork  of  Trinity  River  and  Mad  River,  which 
were  built  by  contract  in  1915.  Both  bridges  are  of  the  steel  deck- 
truss  type  on  concrete  piers. 

This  road  is  38  miles  long,  connecting  the  road  systems  of  Humboldt 
and  Trinity  counties,  and  gives  the  shortest  communication  between 
Humboldt  CV)unty  and  the  Sacramento  Valley,  as  well  as  giving  the 
southern  part  of  Trinity  County  acci^ss  to  the  county  seat,  which,  before 
this  road  was  completed  across  South  Fork  ^lountain,  was  possible  only 
on  horseback. 

No  appropriation  was  made  for  improvement  and  maintenance  of 
this  road  at  the  last  legislative  s(»ssion,  but  funds  were  allotted  from 
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the  Motor  Vehicle  Fund  with  which  ISIr.  \V.  J.  C  Dinsmore,  superin- 
tendent, has  continued  that  line  of  work. 

California  Redwood  Park  State  Road.  In  1913  the  legislature  pro- 
vided for  the  location  and  construction  of  a  state  highway  from  Saratoga 
Gap,  on  the  boundary  betw^een  Santa  Clara  and  San  Mateo  counties, 
through  the  mountains  to  the  California  Redwood  Park  in  Santa  Cruz 
County.  Seventy  thousand  dollars  was  appropriated  and  the  road 
vras  completed  in  time  for  the  summer  travel  to  the  park  in  1915. 

Most  of  the  roadway  is  of  a  nature  that  it  works  up  into  deep  dust 
under  wheel  traffic  and  a  large  part  of  the  cost  of  maintenance  is  due 
to  the  sprinkling  required. 

Xo  appropriation  has  been  made  for  maintenance,  but  allotments 
from  the  Motor  Vehicle  Fund  enable  the  department  to  keep  the  road 
in  good  condition. 

yir.  W.  H.  Dool,  warden  of  the  California  Redwood  Park,  has  had 
charge  of  this  road  since  its  completion. 

Projected  State  Roads. 

In  addition  to  the  state  roads  already  established  as  enumerated 
above,  the  legislature  has  declared  for  certain  other  roads  to  be  con- 
structed as  state  roads,  ordered  the  survey  and  location  of  them,  but 
jirovided  no  funds  for  their  construction.  It  is  assumed  that  the  intent 
of  the  several  acts  was  to  later  make  approj)riations  for  construction, 
based  upon  the  estimates  to  be  furnished  from  the  surveys. 

These  projected  roads  are  described  as  follows : 

Yolo  and  Lake  Highway,  Chapter  288,  statutes  of  1915,  recites  as 
follows : 

Section  1.  A  highway  commencing  at  the  town  of  Rumsey  in 
the  county  of  Yolo,  state  of  California,  and  following  generally  tlie 
meanderings  of  Cache  Creek,  along  the  most  practical  and  feasible 
route  to  the  town  of  Lower  Lake  in  the  county  of  Lake,  state  of 
California,  and  to  be  known  as  **Yol()  and  Lake  Highway,"  be  and 
the  same  is  hereby  declared  and  established. 

It  will  be  observed  that  the  foretrointr  declares  and  establishes  a 
''highway"  but  not  a  state  highway. 

Three  thousand  dollars  was  appropriated  to  make  surveys  and  investi- 
gations necessary  for  the  locati<m  of  the  said  hijrhway,  but  no  appro- 
priation was  made  for  construction. 

A  survey  has  been  made  following  the  general  route  specified  in  the 
statute,  starting  at  Rumsey.  The  total  lenjrth  of  the  surveyc^l  line  is 
35  miles.  The  construction  will  involve  126  acres  of  elearintr,  about 
872,000  cubic  yards  of  excavation,  170  culverts  from  one  to  eight  feet 
wide  and  eight  bridgeis  aggrt^jjating  190  feet  in  length,  the  longest  being 
60  feet. 
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The  total  cost  of  constructing  the  road  a&  surveyed  is  estimated  at 
$175,000. 

Kern-Ventura  State  Highway,  An  act  of  the  legislature,  approved 
June  12,  1915,  appropriated  $8,000  for  the  survey  and  location  of  a 
state  highway  from  a  point  in  Kern  County  south  of  Bakersfield  to 
the  town  of  Nordhoff,  Ventura  County. 

At  the  date  of  this  writing  the  survey  is  in  progress  and  will  be  com- 
pleted in  time  to  submit  estimates  of  the  cost  of  construction  for  the 
consideration  of  the  legislature  this  winter. 

Pasadena  State  Highway.  Chapter  704,  Statutes  of  1915,  appropri- 
ated $7,500  for  the  location  and  survey  of  a  state  highway  to  connect 
La  Canada  Valley  with  Antelope  Valley  in  Los  Angeles  County,  to  be 
known  as  the  Pasadena  State  Highway.  The  route  laid  down  by  the 
statutes  for  a  survey  begins  about  two  miles  northeast  from  La  Canada 
and  running  thence  northerly  and  northw^esterly  along  Arroyo  Seco 
to  a  point  east  of  Hoyt's  Ranch,  thence  northeasterly  by  way  of  Tujunga 
Canyon  and  Mill  Creek  to  Tie  Canyon,  thence  by  way  of  Kennedy 
Springs  to  Vincent. 

The  survey  for  this  road  is  in  progress  at  the  date  of  this  w^riting 
and  will  soon  be  completed  so  as  to  have  estimates  of  cost  of  constructing 
the  road  for  the  information  of  the  coming  legislature. 

State  Aid  Roads. 

In  addition  to  the  state  roads  and  highways  established  by  special  acts 
of  the  legislature  as  above  described,  there  have  been  occasions  w^hen 
the  legislature  appropriated  funds  for  survey,  construction  or  improve- 
ment of  certain  roads  without  designating  them  as  state  roads.  In 
fact,  in  at  least  one  instance  the  act  specified  that  the  county  should 
assume  responsibility  for  the  maintenance  of  the  road  after  it  had  been 
completed. 

Alturas  and  Ccdarville  Road.  Chapter  192,  approved  March  11, 
1907,  appropriated  $7,000  ''for  aid  to  the  county  of  Modoc  in  the 
construction  of  permanent  work  on  the  county  road  between  Alturas 
and  Cedarville,"  placing  the  construction  under  the  direction  of  the 
State  Highway  Commission.  The  appropriation  was  made  contingent 
upon  Modoc  ('ounty  having  first  spent  $3,500  upon  permanent  work. 
The  funds  were  expended  during  1907  and  1908,  since  which  time  the 
county  has  had  entire  charge  of  its  maintenance. 

Middle  Lake  Highway.  Chapter  765,  Statutes  1915,  appropriated 
$20,000  for  the  location  and  construction  of  a  highway  across  Middle 
Lake  in  Surprise  Valley,  Modoc  County.  The  road  is  about  two  miles 
in  length,  crosses  the  lake  and  connects  at  the  east  end  with  a  county 
road  ''leading  into  Nevada.''  The  soil  is  not  suitable  for  a  roadbed, 
and  can  withstand  neither  wheel  traffic  nor  wave  wash.     To  protect  it 


PLATE  XXVI. 


Sidcbill  trade  on  Pcacadcio-Rcdwood  Piik  Road. 


PLATE  XXVII. 


STATE   ROADS    AND   HIGHWAYS.  187 

the  roadway  was  raised  above  the  flood  height  and  riprapped  on  the 
slopes  with  loose  rock,  the  same  material  being  used  to  metal  the  surface. 

All  the  rock  had  to  be  hauled  from  the  hills  some  six  miles  distant 
by  teams.  The  appropriation  was  exhausted  before  the  work  was 
completed  and  a  portion  remains  in  an  unprotected  condition. 

This  road  was  not  declared  by  the  statute  to  be  a  state  road,  and  must 
be  maintained  by  the  county. 

PesciulerO'Redwood  Park  Road.  The  legislature,  in  1915,  passed  an 
ai-t  reciting:  '*That  a  highway  shall  be  constructed  from  Pescadero  in 
the  county  of  San  Mateo  to  the  California  Redwood  Park  in  the  county 
of  Santa  Cruz.  The  responsibility  of  the  state  of  ('alifornia  in  the 
location,  survey,  construction  and  maintenance  of  said  highway  shall 
cease  with  the  expenditure  of  the  appropriation  herein  contained." 

Ten  thousand  dollars  was  appropriated  for  the  survey,  location  and 
construction  of  the  road,  and  made  contingent  upon  the  Board  of 
Supervisors  of  San  Mateo  County  pledging  the  county  to  complete 
and  maintain  the  road.  This  pledge  having  been  made  and  also  a 
similar  pledge  by  the  supervisors  of  Santa  Cruz  County,  a  survey  was 
made  and  the  road  partly  constructed  during  the  summer  of  1916. 

The  road  as  located  begins  at  the  county  highway  at  the  mouth  of 
Butano  Creek  about  four  miles  from  Pescadero,  and  follows,  gen- 
erally, up  the  ridge  between  Butano  and  Little  Butano  creeks,  to  a 
connection  with  a  county  road  in  Santa  Cruz  County,  near  the  summit 
between  Butano  and  Waddell  creeks,  which,  in  turn,  connects  with  the 
Saratoga-Park  state  road  near  Bulls  Spring. 

A  survey  was  made  of  a  route  from  the  summit  down  Waddell  Creek 
to  the  center  of  the  park,  which  it  is  recommended  should  be  con- 
structed as  being  shorter  and  better  than  the  Santa  Cruz  County  road. 

Under  the  terms  of  the  act  the  completion  of  the  road  and  its  main- 
tenance thereafter  devolves  upon  the  county  of  San  ^lateo. 

The  road,  when  completed,  will  afford  a  very  delightful  *'loop" 
drive,  enabling  one  to  motor  from  San  Francisco  and  the  cities  on  the 
peninsula,  down  the  Ocean  Boulevard,  thence  by  the  new  road  through 
redwood  forests  to  Redwood  Park,  returnine:  by  the  state  road  to 
Saratoga  and  back  by  way  of  the  state  highway. 

The  estimated  cost  of  completing  th(^  road  under  discussion  as  located 
in  $35,000  to  the  summit  and  down  Waddell  Creek  to  the  hotel  at  Gov- 
fmor's  Camp. 

In  concluding  the  subject  of  state-aid  roads,  the  Department  of 
Engineering  questions  the  wisdom  of  appropriating  public  funds  for 
construction  or  improvement  of  roads  over  which  the  state  will  exercise 
no  control  in  the  matter  of  maintenance. 

In  the  last  case  above  discussed,  not  enough  money  was  provided  for 
building  a  road  connecting  any  two  accessible  points.     Several  miles 
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yet  remain  to  be  constructed  before  that  built  from  the  appropriation 
can  be  of  any  use.  It  is  true  that  San  Mateo  County  is  pledged  to 
complete  the  road,  but  to  do  so  with  the  high  standard  of  construction 
adopted  by  the  state  will  entail  a  heavy  burden  upon  the  countj%  and 
in  such  cases  the  natural  tendency  is  to  comply  with  the  terms  of  the 
agreement  by  using  a  cheaper  type  of  construction  not  in  keeping  with 
the  state's  work. 

While  upon  the  subject  of  state  roads,  it  is  desired  to  call  attention 
to  a  matter  which  must  soon  be  given  serious  consideration  by  the  legis- 
lature. While  good  roads  are  built  and  poor  roads  improved  for  the 
benefit  of  all  the  people  and  everyone  has  an  inherent  right  to  their 
use,  such  use  must  be  exercised  with  due  regard  to  the  rights  of  all 
others.  Among  those  rights  is  the  one  to  have  the  best  of  condition  of 
roadway  maintained  at  a  minimum  of  cost. 

Recent  developments  of  motor  transportation  tend  toward  increas- 
ingly heavy  loads  and  increased  speed  of  travel,  both  of  which  entail 
immense  burdens  upon  the  maintenance  of  the  roads. 

A  rapidly  moving  five-  or  ten-ton  truck  traveling  12  to  20  miles  an 
hour,  on  the  wheels  that  are  usually  provided  for  such  vehicles,  will 
do  more  injury  to  the  surfacing  of  a  road  in  a  week  than  will  occur 
from  other  traffic  in  several  months. 

If  the  cost  of  maintenance  of  improved  roads  is  to  be  kept  down  to 
a  reasonable  figure  there  mnst  be  a  limit  placed  upon  the  character  of 
traffic  allowed  upon  them.  A  just  relation  must  be  prescribed  between 
the  load,  the  width  of  tire,  the  speed,  and  perhaps  also  the  size  of  wheel. 

The  same  principle  applies  to  the  heavy  freighting  w^agons  used  in 
the  mountain  roads.  It  costs  more  to  repair  the  damage  done  to  a 
few  miles  of  mountain  road  traveled  by  heavy  narrow-tired  wagons 
during  the  summer  than  all  the  remainder  of  the  roads  not  subjected  to 
that  traffic. 

This  is  a  question  that  is  becoming  acute  and  earnest  consideration  of 
it  is  commended  to  the  legislature. 

John  Muir  Trail.  Chapter  259,  Statutes  1915,  appropriated  $10,000 
to  be  used  toward  constructing  a  trail  in  the  high  Sierra  region,  con- 
necting Yosemite  National  Park  with  Mount  Whitnev  and  vicinitv. 
**The  trail  shall  be  known  as  the  'John  Muir  Trail'  in  honor  of  the  late 
John  Muir,  who  has  performed  an  inestimable  service  in  making  known 
to  the  world  the  wonders  of  the  mountains  in  California.'' 

The  men  of  that  letrislature  honored  themselves  in  honoring  John 
]\luir  by  providing  him  such  a  monumc^nt  as  he  would  have  chosen — 
a  menus  of  safe  acce.ss  to  the  scenes  he  loved  so  well. 

The  trail  as  located  by  the  Department  of  Engineering,  working  in 
cooperative  harmony  with  the  officials  of  the  United  States  Forest 
Service  and  the  Sierra  Club  of  California,  begins  at  Mirror  Lake  in  i}\ii 
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Toseinite  Valley  at  an  elevation  of  4,100  feet  above  sea  level.  It  then 
ascends  the  Tenaya  Canyon,  crossing  over  to  the  Tioga  state  road, 
follows  it  to  Tuolumne  Meadows,  thence  up  Lyell  Canyon  to  the  main 
summit  of  the  Sierras  at  Donahue  Pass,  at  an  elevation  of  11,100  feet, 
thence  following  as  near  to  the  ** Backbone*'  of  the  range  as  practicable, 
crosses  or  passes  around  the  headwaters  of  the  great  streams  which 
pour  their  waters  into  the  San  Joaquin  Valley — the  Merced,  San  Joa- 
quin, Kings,  Kaweah  and  Kern  rivers,  terminates  at  the  culminating 
point  of  the  Sierras,  the  highest  point  in  the  United  States  proper,  the 
summit  of  Mount  Whitney,  at  an  elevation  of  14,501  feet  above  the  sea. 

By  cooperation  with  the  above  named  agencies,  much  has  been  done 
in  the  way  of  constructing  the  John  Muir  Trail. 

The  State  Engineer  has  personally  examined  the  route  of  the  pro- 
posed trail  and  directed  its  location. 

The  work  of  construction  has  been  largely  under  the  direction  of 
officials  of  the  Forest  Service  and  acknowiedgment  is  made  of  their 
valuable  services,  particular  mention  being  made  of  Mr.  M.  A.  Benedict 
and  Mr.  S.  W.  Wynne,  forest  supervisoi*s,  resp'ectively,  of  Sierra  and 
Sequoia  National  forests,  as  also  of  Rangers  Hughes,  Jordan,  Slinkard 
and  Clingan,  for  their  intelligent  direction  of  the  work  assigned  to 
them. 

The  season  in  which  effective  work  can  be  prosecuted  is  short,  not 
over  ten  weeks,  and  usually  the  snow  is  not  off  until  July.  Only 
trained  mountaineers  can  accomplish  the  work  required. 

It  is  purposed,  as  the  trail  is  located  and  constructed,  to  erect  per- 
manent signs  marking  it  so  travelers  may  follow  it  without  difficulty. 

The  Sierra  Club  bulletin  says:  **The  John  Muir  Trail  is  a  much 
greater  conception  than  even  those  who  first  thought  of  its  possibilities 
had  hoped.  It  furnishes  the  great  artery  for  high  mountain  travel  in 
the  Sierra  and  affords  a  wonderful  opportunity  for  seeing  this  mag- 
nificent region." 

While  the  appropriation  made,  augmented  by  funds  donated  by 
Fresno  County  and  the  Sierra  Club,  has  enabled  enough  work  to  be 
done  to  open  a  passable  trail  from  ^Mount  AVhitney  to  Yosoniite  Valley 
—and  some  of  it  is  very  excellent — a  great  deal  remains  yet  to  be  done 
to  improve  it  to  a  desirable  condition. 

It  is  also  believed  that  its  usefulness  will  be  greatly  enlarged  if  it 
be  extended  northward  to  Lake  Tahoe. 

Appropriations  should  be  made  of  sufficient  funds  to  be  expended  in 
improvement  and  extension  as  above  indicated. 
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Naming  State  Roads. 

In  an  earlier  paragraph  herein  there  was  given  a  list  of  the  state  roads 
with  their  official  names.  Comment  was  made  upon  the  incongruity 
of  calling  some  state  roads  and  others  state  highways,  and  the  suggestion 
was  made  that  inasmuch  as  many  of  these  roads  traverse  regions  which 
were  the  scenes  of  many  historical  events  connected  with  **The  days 
of  old — the  days  of  gold,  the  days  of  '49/'  they  might  properly  bear 
namas  commemorative  of  those  events. 

In  this  connection  it  is  deemed  pertinent  to  explain  that  the  Emigrant 
Gap  road  follows,  generally,  the  route  of  the  old  immigrant  trail, 
passing  Donner  Lake  and  crossing  the  range  near  where  the  railroad 
now  crosses,  and  down  to  Sacramento,  or  Sutter's  Fort,  which  was  the 
objective  of  nearly  all  western-bound  adventurers  of  those  days. 

Donner  Lake,  a  most  beautiful  sheet  of  water  ensconced  between 
beetling  granite  crags,  was  made  famous  by  the  sad  story  of  the  Donner 
Party.  This  party  of  immigrants,  caught  in  the  winter  snows  on  the 
east  side  of  the  range,  were  compelled  to  spend  the  winter  of  1845-46 
eiicaniped  on  the  shores  of  the  lake,  and  being  without  provisions,  36 
men,  women,  and  children  perished  before  rescue  parties  from  Sutter's 
Port  could  reach  them. 

What  better  way  to  commemorate  that  historical  event  than  by  calling 
the  road  the  *' Donner  State  Road"? 

The  title,  ''Lake  Tahoe  Wagon  Road"  is  a  misnomer  in  more  w^ays 
than  one.  First,  it  does  not  touch  Lake  Tahoe  at  any  point,  but  ter- 
minates at  the  state  line,  a  mile  from  the  lake  shore.  Second,  a  hundred 
automobiles  travel  over  it  to  one  wagon. 

The  greater  part  of  this  road  is  along  the  old  overland  stage  road 
over  which  Hank  Monk  and  other  noted  pioneer  stage  drivers  piloted 
their  mettlesome  half-tamed  teams,  carrying  gold  from  the  mines  and 
no  less  precious  mail  to  the  miners  from  ''back  home."  This  is  a 
portion  of  the  road  over  which  the  famoiLs  Pony  Express  was  operated 
in  1860  and  1861,  carrj^ing  mail  from  St.  Joseph,  Missouri,  to  San 
Francisco  in  eight  days.  The  ' '  postage ' '  on  letters  carried  in  this  way 
was  one  dollar. 

It  is  suggested  that  "Overland  State  Road"  would  be  a  fitting  name 
to  apply  to  this  road. 

That  part  of  the  Alpine  state  highway  from  Jackson  to  Woodfords  is 
strewn  with  reminders  of  the  tragedies  attending  the  efforts  of  the 
pioneers  to  reach  the  golden  ]\lecca,  over  the  trail  blazed  by  Kit  Carson 
in  1844.  It  was  along  a  portion  of  this  trail,  up  Carson  River,  through 
Hope  Valley  to  the  summit  of  the  snow^-covered  range,  that  Carson 
guided  Fremont  on  the  memorable  trip  of  the  latter  from  Oregon,  just 
before  the  latter  seized  California  from  the  Mexican  government. 
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The  spot  where  Carson  stood  with  Fremont  on  the  surarait  on  the 
24th  of  February,  1846,  was  formerly  marked  by  a  sturdy  pine  tree, 
upon  which  the  former  had  cut  his  name.  This  tree  a  few  years  ago 
was  felled  and  the  portion  bearing  the  name  carried  away.  The  old 
log,  badly  scarred  by  relic  hunters,  still  lies  upon  the  ground. 

The  name  ''Kit  Carson  State  Road"  applied  to  this  highway  would 
be  an  appropriate  memorial  to  the  intrepid  scout,  guide  and  Indian 
fighter,  who  left  his  name  indelibly  engraved  upon  the  pages  of  Califor- 
nia's  history. 

And  so  with  other  roads.  Each  has  some  distinction  appropriately  its 
own  and  should  bear  a  name  indicative  of  the  part  it  had  in  the  history- 
making  of  the  state.  With  appropriate  names  they  become  monuments 
to  commemorate  the  early  history  and  history-makers  of  the  state. 

But  one  more  example  will  be  cited  here.  The  Big  Oak  Flat  toll  road, 
recently  acquired  as  a  connection  with  the  Tioga  and  Mono  Lake  Basin 
roads,  is  distinguished  for  more  romance  than  tragedy,  many  points  of 
interest  along  it  having  been  the  scenes  depicted  in  Bret  Ilarte  's  inimit- 
able stories  of  mining  days.  The  **Luck  of  Roaring  Camp"  was 
enacted  in  the  territory  traversed  by  it.  The  road  passes  within  a  few 
yards  of  the  hydraulic  pit  worked  by  ** Tennessee  and  his  partner"  a 
quarter  century  after  Tennessee  had  paid  the  penalty  of  his  fictitious 
crimes  at  the  hands  of  an  imaginary  lynching  party.  It  is  said  the 
cabin  occupied  by  Chaffee  and  Chamberlain,  the  originals  of  '*  Tennessee 
and  his  partner,"  is  still  standing. 

At  the  session  of  the  legislature  in  1913  the  matter  of  giving  state 
roads  appropriate  names  in  conformity  with  the  foregoing  suggestions 
was  taken  up  by  the  parlors  of  the  Native  Sons  of  the  Golden  West,  a 
patriotic  fraternal  order  composed  of  native-born  Californians.  A  bill 
was  introduced  giving  names  to  certain  roads  as  above  indicated,  but 
failed  to  become  a  law. 

The  recommendation  is  now  renewed  that  a  law  be  enacted  providing 
that  all  roads  constructed  from  the  bond  issues  be  designated  as  state 
highways,  and  all  other  roads  acquired  by  the  state  be  known  as  state 
roads,  and  that  specific  names  be  driven  to  certain  of  the  latter  as  indi- 
cated in  the  foregoing  discussion. 

FINANCIAL  STATEMENT. 

The  State  Road  Engineer  submits  the  following  statement  of  the 
expenditures  made  in  maintenance  and  improvement  of  state  roads  dur- 
ing the  last  two  years: 

Alpine  State  Road — 

Roadbed  constraction  and   improvement  o£  grade  and 

alignment $19,847  00 

Repairs,  improvements  and  general  maintenance 23,800  00 

Machinery,  tools  and  equipment 3,412  00 

$47,050  00 
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Auburu-Emigraut  Gap  State  Road' — 

Roadbed  construction   and   improvement  of  grade  and 

alignment ^17,050  00 

Bridges 115  00 

Culverts 119  00 

Rock  retaining  walls 120  00 

Machinerj',   tools  and  equipment 1,105  00 

Repairs  and  general  improvements 2,746  00 

21,316  00 

California  Redwood  Park  State  Road — 

Construction,  improvements,  repairs  and  general  main- 
tenance        $73,582  00 

Machinery,  tools,  water  tanks  and  equipment 5,210  00 

78,792  00 

Donner-McKinneys  State  Road — 

Roadbed  construction  and   improvement  of  grade  and 

alignment     $13,646  00 

Bridges     144  00 

Culverts 113  00 

Rock   retaining   walls 119  00 

Machinery,  tools  and  equipment 2,087  00 

16,109  00 

Emigrant  Gap-Donner  I^jike  State  Road — 

Roadbed  construction  and   improvement  of  grade  and 

alignment    $15,300  00 

Bridges    7/214  00 

Culverts 1 589  00 

Rock  retaining  walls 467  00 

Machinery,  tools  and  e(]uipment 2,863  00 

26,442  00 

Kings  River  State  Road — 

Roadbed  construction  and  improvement  of  alignment $3,610  00 

Culverts 126  00 

Rock  retaining  walls 190  00 

Machinery,  tools  and  equipment 209  00 

Repairs  and  general  maintenance 1,823  00 

5,958  00 

Lake  Tahoe  State  Road- 
Repairs,  improvements  and  general  maintenance $42,524  00 

Machinerj'.  tools  and  e<iuipraent 12,500  00 

Buildings 750  00 

55,774  00 

Purchase  of  timber  land  along  right  of  way  for  preserva- 
tion of  trees,  as  i)rovided  by  chapter  762,  page  ir» 6.848  40 

lisissen  State  Road — 

Repairs,  improvements  and  general  maintenance $2,699  00 

Machinery,  tools  aud  e<iuipment 820  00 

3,519  00 

Myei*s-McKinneys  State  Road — 

Roadbed   construction   nnd    improvement   of  grade   and 

alignment    $14,367  00 

Bridges 231  00 

Culverts 314  00 

Rock  retaining  walls 682  00 

Fencing  right  of  way 1,938  00 

Machinery,  tools  and  equipment 1,007  00 

Repairs,  improvements  and  general  maintenance 1,054  00 

19,593  00 
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Mono  Lake  Bann  State  Boad — 

Bepaira,  improvements  and  general  maintenance $20,791  00 

Machinery,  tooh  and  equipment 550  00 

21^41  00 

Sonora-MoDO  State  Road — 

Repairs,  improvements  and  general  maintenance $10^05  00 

Ifadiinery,  tools  and  equipment 1,100  00 

11,405  00 

Tahoe  City-Crystal  Bay  State  Road- 
Roadbed  construction  and  improvement  of  grade  and 

alignment $6,583  00 

Bridges 40  00 

Calvert* 23  00 

Machinery,  tools  and  equipment 586  00 

7,232  00 

Tioga  SUte  Road— 

Roadbed  coBstmctlon  and  improvement  of  grade  and 

alignment    $15,250  00 

Bridges 1,500  00 

CalvertB 2,675  00 

Rock  retaining  walls 1,600  00 

Machinery,  tools  and  equipment 2,985  00 

Buildings,  fences,  etc. 450  00 

Surveys  1,500  00 

Purchase  of  right  <rf  way - 3,000  00 

I,  improvements  and  general  maintenance 2,425  00 

31,285  00 

-Humboldt  State  Road — 

Roadbed  construction  and  improvement  of  alignment $3,000  00 

Bridges    7,800  00 

Culverts 600  00 

Rock  retaining  walls 1,000  00 

Madiinery,  tools  and  equipment 1,450  00 

Repairs  and  general  maintenance 8,293  00 

22.143  00 

Surprise  Valley  Road. 20,000  00 

Peacadero-Redwood  Park  Road \^       10,000  00 

Tolo-lAke  State  Road,  surveys 3,000  00 

Kera-Yentura  State  Road,  surveys 8,000  00 

Pasadena  State  Road,  surveys 7,500  00 

THIRTY-THREE  MILLION  DOLLAR  STATE  HIGHWAY  SYSTEM. 

When  $18,000,000  was  voted  by  the  people,  in  1910,  for  the  purpose 
of  constructing  a  system  of  jSrst-class  highways  throughout  the  state,  it 
was  well  understood  that  the  sum  would  be  insuflScient  to  provide  all 
of  the  roads  specified  in  the  bill. 

This  being  realized  at  the  beginning  by  the  builders,  the  policy  was 
followed  of  adopting  a  few  standard  types  of  construction,  adapted  to 
local  conditions  and  the  traffic  to  be  accommodated. 

The  types  of  pavement  used  are  the  following : 

Base:  Concrete;  macadam;  asphaltic  concrete. 
Surfacing:  Asphalt;   asphalt,  Topeka  specifications — oiled;  thin 
bituminous. 
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It  has  been  demonstrated  that  where  a  strong  well-proportioned  base 
is  provided,  a  thin  resilient  covering  gives  comfort  to  the  traveler, 
resists  abrasion  measurably  well,  is  easily  repaired,  and  when  need 
arises  can  be  renewed  at  a  low  cost. 

The  bridges  constructed  for  the  state  highways  are  models  of  grace 
and  strength.  Many  of  them  are  so  notable  as  to  have  received  exten- 
sive commendatory  notice  in  the  technical  press  of  the  country. 

When  the  proposition  to  vote  $15,000,000  more  with  which  to  complete 
the  highway  system  was  made,  the  Automobile  Association  employed 
experts  to  examine  the  highways  constructed,  as  to  location,  design  and 
method  of  construction.  The  investigations  were  very  thorough  and 
the  report  approved  the  work  unreservedly.  As  a  consequence  the 
association  endorsed  the  proposed  bond  issue  and  worked  for  its  success. 

The  result  of  the  election  upon  the  question  of  additional  bonds  being 
405,000  majority  in  the  affirmative  seems  to  indicate  that  the  people  of 
the  state  approve  of  the  manner  in  which  the  $18,000,000  was  expended 
and  are  determined  that  California  shall  be  in  the  vanguard  of  the 
march  of  twentieth  century  progress. 

The  $18,000,000  is  practically  all  expended,  and  it  is  purposed  soon 
to  render  a  comprehensive  account  of  the  stewardship  of  this  big  sum. 
The  report  will  be  complete  in  detail,  but  as  it  can  not  be  submitted  in 
full  at  this  time,  its  presentation  will  be  deferred  until  the  final  transac- 
tions are  recorded. 

In  the  mean  time  a  summary  by  the  Highway  Commission  of  its  work 
to  date  is  presented  as  follows : 

STATE  HIGHWAYS. 

•  By  State  Highway  Commission. 

The  work  of  constructing  the  state  highway  system  under  the 
$18,000,000  bond  issue  has  continued  as  heretofore  under  the  same  per- 
sonnel. Three  members  of  the  advisory  board  of  the  Department  of 
Engineering  have  continued  as  an  executive  committee  under  the  desig- 
nation ** California  Highway  Commission''  to  have  charge  of  the  work, 
and  the  Highway  Engineer  of  the  department  has  acted  as  chief 
engineer  and  executive  officer  of  the  commission. 

The  $18,000,000  state  highway  fund  is  now  nearly  exhausted  and  the 
commissioners  have  in  contemplation  the  preparation  of  a  report  of  all 
work  done  thereunder,  giving  a  complete  account  of  their  stewardship. 
This  report  will  be  made  up  at  the  completion  of  the  expenditure  of  the 

state  highway  fund. 

At  the  election  in  November,  1910,  on  the  $18,000,000  bond  issue,  out 
of  a  total  of  173,806  votes,  there  was  a  majority  in  favor  of  the  bonds  of 
12,786  votes.  On  November  7,  1916,  the  voters  of  California  considered 
a  new  bond  issue  of  $15,000,000  for  state  hiprhways.    With  a  total  of 
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679,346  votes  cast,  there  was  a  majority  of  405,132  in  favor  of  the  high- 
way bonds,  a  majority  of  nearly  4  to  1,  and  more  than  thirty  times  the 
favorable  majority  at  the  election  of  1910.  This  is  a  showing  of  the 
increase  of  interest  in  the  road  problem  and  must  in  part  at  least  be 
considered  a  vote  of  approval  by  the  people  of  the  state  highways 
already  completed  under  the  $18,000,000  bond  issue. 

The  details  of  the  work  under  the  first  bond  issue,  as  already  stated, 
will  be  included  in  the  final  report  to  be  made  a  few  months  from  now, 
but  a  general  statement  of  the  extent  of  the  work  done  during  the  years 
1915-16  is  pertinent : 


Countiei 


ConereCe 


Topeka 

suifAdng, 

mllM 


la 

Batte  

Cohiw 

Oontn  OoBta 


Tfain 
bltomliMMU 
■urfadiiff, 

miles 


Graded 
only, 
miles 


Humboldt 

Xbifi 

Lot  AiicelM .. 

Muln 

Monterey  

Oranfe 

San  Benito 

San  Dtefo 

San  LnU  Obispo  . 
Santa  Barbara    .. 

Santa  Clara    

Sbaata  

Sonoma   

Stanlalana  

Sntter    

TiBbama   

Tnlare  .« 

Yolo 

Tub* 


2.66 


I 


Totalif  «><Vw  .^....~ .»^. 


2.66 


6.88 

12.96 

10.60 

6.97 

9.40 

S,ifb 
9.U 


.78 


8.47 


6.89 


4.00 


80.01 
8.C7 
6.76 
7.28 
9.96 


8.89 


7.01 
14.23 
11.70 

6.46 
24.06 

8.91 

8.28 


11.88 

.00 
8.12 


12.74 


46.78 
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The  following  table  shows  the  mileage  bnilt  from  the  begiiming  of 
the  work  to  January  1,  1915 : 


Coneivte  bases 

MsosdaiA 

ConntlM 

Aiphftlt 

mrfadnc. 

mltaB 

Topeka 

snrfacliic 

miles 

tfala 

bttumlnous 

eaifiiclaff, 

mUet 

Topek* 

"Xi 

Onded 

oaly. 

Alameda -*    —    - 

» 

12.dB 

£5" 

&06 

I 

Batt«   .    ........ 

,, ,  1 

Oalayeras ..      

Oolufa  -         —      — 

Contra  Ooita —    - 

6J)9 

Kl  Dorado  ...—.- —    — 

S5.7S 
16.49 



6.27 

Fresno  -    .    —      —    

Glenn   -            ....... 

86.41 

HnonboMt   

Imperfal  . ^ 







Inyo  .......    .-—.-«. 

Kern 

Kinn .--...    

_- 

. 

61.W 

— 

10.67 

Los  Anfeles  ... .    . 

Madera  .    .-.-- 

Marin .--.-.- 

Mariposa  .^^ ... 

Mendocino  ......         ..    

— -. 

41.18 

ie.78 

4.(S 
84.47 



7.64 

27.86 
9.91 

M 

88.18 

Merced 

Mono   .    ............... 

• 

Monterey  - 

88.46 
9.92 
9.84 
8.64 

'Urn 

42.02 
88.74 

48.16 





Napa _. 

Orange   . 

Placer    . 

Riverside ...   .    _ 

—.—.-.— 

.»—««*.«« »^* 

^, 

6.48 

Sacramento    •....      —    

San  Benito  ..-.-    

5.a 

W  M^  ^H»  •>•  «  W  W^  M 

6.48 

8.T7 

4.06 

San  Bernardino  

San  Diego  _ 

San  Luis  Obispo  . 

San  Mateo - 

i'S' 

6"5" 

....    ... 

"        ""s.61 

Santa  Barbara    

Santa  Clara    

Santa  Cruz 

Shasta — .. 

18.68 

7.39 

16.06 

88>14 

Siskiyou    

Solano  

Sonoma  

Stanislaus   

Sutter 

Tehama    





13.70 
21.62 

8*79" 

"Tl.65 
18.10 



41.56 
-^. 

1.82 

Tulare   



Tuolumne   . 

Ventura    .    



__                         1 

1 

21.90 

Yolo 

.......... 

.....—-.... 

9*5" 

— - — -.-- — 



Totals,   mDes 

6.41 

15.56 

664.61 

16.54 

22JI8 

279.16 
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The  state  highway  routes  in  a  number  of  counties  include  a  consider- 
able mileage  of  roads  improved  by  county  bond  issues  or  otherwise.  The 
following  table  indicates  such  of  these  improved  roads  as  have  been  taken 
over  by  the  Department  of  Engineering  and  made  a  part  of  the  state 
highway  fl(ystem : 


ConnUM 


CODCKto 

tate.  thin 

bittmUnoiw 

•ttxftelBg, 


Otted 

Bfltl 


AtphH^t^ff 


Graded 
wdF, 


Bildves. 
mlMfl 


S 


lo 


Hmpa — 

Saa  Jotqutai  — ^ ,^^^*.. 

San  BflDito , ~ — 

Saato  Barbara  .^ ... — ^^^.^. 


MMBdOftDO 


TMali^  miles 


t.« 


8.M 


6.M 


88.07 
6.96 
SJO 


186J06 


8.66 


a68 


7.7f 


10.87 


8.68 


J6 
.49 
.19 


.84 


,    RECAPITULATION. 

CoocxaCe  baM.  asphalt  iorfacliif .. 6.41  miles 

OaiMnta  baas,  Topska  tmtMdnt  — ^^^^ 18^06  mllss 

Oooarete  bafa»  thin  bltomlnoas  surfacfnir -* . 864.86  miles 

Ifaeadam  baae^  Toptkm  snrfadnt 16.64  miles 

Xatadam  baae^  pSid ^.»..,.^«*..^ — ^^ ^^ ^ •-....  188.46  miles 

Aaphaltie  eoncrete ^ .  10Jt7  miles 

Barfd0s 1 .84  mila 

eradad  only 884.68  miles 


Total 1,409.07  mfles 

In  addition  to  the  above,  there  are  uncompleted  contracts  now  in  prog- 
ress ss  follows : 

Goociete  baae — thin  bituminoas  surfacing 77.03  miles 

Oraded  only 76.13  miles 

Total  mileage  of  roads  in  state  highway  system 1,562.23  miles 

The  Concrete  Type  of  State  Highway. 

The  commission  has  developed  what  may  be  called  its  standard  type 
of  pavement,  consisting  of  a  relatively  thin  concrete  base  covered  and 
protected  by  a  thin  bituminous  wearing  coat.  The  concrete  is  laid  with- 
out expansion  joints  and  upon  a  well  consolidated  subgrade. 

More  than  nine-tenths  of  the  expenditure  for  the  pavement  is  placed 
where  the  traffic  has  little  chance  of  destroying  the  investment.  The 
bulk  of  the  road  cost  goes  into  the  grading,  drainage  appliances  and  a 
soUd  concrete  foundation.  The  wear  and  tear  of  traffic  does  not  come 
in  contact  with  this  foundation  as  the  concrete  is  protected  by  a  surface 
coat  of  asphalt  and  mineral  aggregate.  Such  a  coat  is  easily  applied 
and  gives  a  high  return  in  wearing  qualities  for  its  cost.  This  wearing 
coat  does  not  roll  or  form  ridges  and  hollows.    It  adheres  firmly  to  the 
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concrete  pavement,  and  at  the  end  of  three  or  four  years  it  may  be 
renewed  by  a  new  coat  of  asphaltic  road  oil  and  rock  screenings. 

The  oldest  concrete  roads  built  by  the  commission  have  been  protected 
by  the  thin  bituminous  wearing  coat  for  nearly  four  years,  and  the 
maintenance  cost  has  been  very  low. 

Some  Noteworthy  Accomplishments. 

During  1915  and  1916  the  Highway  Commission  has  completed  and 
thrown  open  to  traffic  some  constructions  tl^at  have  attracted  consider- 
able favorable  comment  in  the  engineering  publications  throughout  the 
United  States. 

The  Ridge  route,  on  the  route  from  Bakersfield  to  Los  Angeles,  has 
cut  the  mileage  between  these  two  cities  by  about  50  miles.  This  new 
route  is  so  much  shorter  than  the  line  of  the  railroad  that  automobile 
stages  make  the  trip  in  less  than  railroad  time,  and  allow  a  rest  and 
time  for  lunch  about  midway  between  the  cities. 

In  the  building  of  this  route  through  the  mountains,  nearly  a  million 
yards  of  material  were  moved  on  a  length  of  30  miles  of  the  road. 

The.  Yolo  trestle  connects  the  west  side  of  the  Sacramento  River  with 
the  east  and  south,  and  is  the  only  aU-year-round  highway  crossing  of 
the  waters  of  the  Sacramento  River  for  a  distance  of  200  miles.  This 
trestle  is  3.1  miles  in  length,  the  longest  concrete  highway  trestle  in  the 
world,  and  cost  approximately  $400,000. "  It  was  opened  to  traffic  early 
in  1916. 

The  New  Eel  Biver  bridge,  south  of  Scotia,  has  been  completed  this 
month.  It  was  designed  by  the  engineering  force  of  the  commission. 
The  bridge  consists  of  two  steel  spans,  each  302  feet  6  inches  in  length, 
six  concrete  spans,  each  46  feet  4  inches  in  length,  and  the  center  pier 
is  100  feet  high. 
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Expenditure  on   Appropriations   November   1,   1914,  to  June  30,   1916. 


Chapter 


Motor  Vehicle 
Motor  Vehicle 
Motor  Vehicle 
Motor  Vehicle 
Motor  Vehicle 
Motor  Vehicle 
Motor  Vehicle 
Motor  Vehicle 
Motor  Vehicle 
Motor  Vehicle 
Motor  Vehicle 
Motor  Vehicle 
Motor  Vehicle 
Motor  Vehicle 

ieB,iini 

UO,  1913 
178,1915 
896^1913 
119, 1913 
m,1918 
n0^1913 

soe.i9u 

BB0,1913 

117,1913 

884, 1911 
880.1913 
706b  1911 
762,1916 
MB,  1911 
Allotted  by 
0.  S.  Foreet 
Service 
119, 1913 
198^1911 

123,1913 


706^1911- 

880^1913 

&9,1915 

764, 1915 

118^19017 

706,1911 

681.1909 

M5,1915 

880,1915 

«Mklfil6 

1I8»191S 

n4,1911 

800.1918 

08,1916 

748.1915 

704,1916 

144,1915 


Name  of  Job 


Balance 

Not.  1.  1914, 

and  appro- 

prlatlona 


Statb   Roads. 

Office  expenses 

Alpine  State  Highway 

Aubnm-Emigrant  Gap  State  Highway. 
Oalifomia  Redwood  Park  State  Boad.. 

Donner  Lake  Road 

Emigrant  Gkip  Boad 

Kings  River  Boad 

Lake  Tahoe  Road 

Lassen  State  Highway 

Meyers-McKinneys  State  Highway . 

Mono  Lake  Basin  State  Highway 

Sonora  and  Mono  State  Highway 

Trinity  and  Humboldt  State  Highway. 

Tioga  State  Highway— 

Alpine  State  Highway 

Alpine  State  Highway 

Auburn-Emigrant   Gap    Road 

California  Redwood  Park  State  Boad.. 

Emigrant  Gap  State  Boad 

Emigrant  Gap  Stitte  Road 

Emigrant  Gap  State  Boad 

Kings  River  State  Road 

Kings  River  State  Road- 

Balance 


Lake  Tahoe  State  Road 


Sale  materlal.- 


TotaL. 


Lake  Tahoe  State  Road 

Lake  Tahoe  State  Road 

Lake  Tahoe  State  Road 

Lake  Tahoe  State  Boad 

Lassen  State  Boad 


Meyers-McKInneys  State  Boad. 

Meyers-McKInneys  State  Boad.. 
Meyers-McKInneys  State  Boad. 


Meyers-McKInneys 
State  Boad 


Balance  .. 
Credit.... 


Total. 


Mono  Lake  Basin  Boad. 

Mono  Lake  Basin  Boad 

Mulr  Trail 

Pescadero  and  Bedwood  Park  Boad. 

Sierra  and  Downleville  Boad 

Sonora  and  Mono  Boad 

Sonora  and  Mono  Boad. 

Sorprlse  Valley  State  Boad 

Tahoe  City  to  Crystal  Bay  Boad 

Tioga  State  Boad 

Trinity  and  Humboldt  State  Road.. 
Trinity  and  Humboldt  State  Road.. 
Trinity,  Tehama  and  Shasta  Roads. 

Yolo  and  Lake  Highway 

Bakersfleld-Nordhofl  Road  

Pasadena-Antelope  Valley  Road 

Colorado  River  bridge  at  Topock 


$19,020 

53,866 

16,500 

12,860 

14,600 

24,24S 

4,000 

53,976 

6,970 

22,809 

21,468 

7,666 

20,741 

27,650 

2 

3 

10,000 

66,084 

26 

1,604 

531 

2,837 

25 


48 
46 
00 
00 
00 
08 
00 
62 
00 
46 
58 
99 
09 
00 
42 
80 
00 
00 
85 
07 
15 
30 
20 
94 
00 


25 

2 

4,065 

7.000 
136 


94 

78 
68 
44 
00 
96 

19 


3  39 
60 


10  96 


10  96 

1,130  16 

840  97 

10.000  00 

10.000  00 

86  77 

26  49 

6  73 

20,000  00 

8,000  00 

8,000  00 

4,949  54 

293 

269  22 

3,000  00 

8,000  00 

7,600  00 

•80,000  00 


I 


Balance 


Expemlcd      j  jua,  30^  1910 


I 

1] 


$7,573  96 

33,432  00 

9,068  32 

8^073  78 

4,161  88 

13,860  88 

998  34 

43,476  66 

2300  96 

15,202  17 

12,272  61 

5,431  68 

18,388  61 

16,812  16 


9,681  67 

66.017  23 

25  72 


1,690  92 

629  60 

1,768  80 

28  05 


4,029  74 
'  115  5 


389 


41  10 

464  82 

4,424  08 


8,000  00 

4,831  29 

293 

264  70 

2,069  42 

18  60 

178  14 

30^000  00 


19, 

100 

6  73 

764  42 

$11,446  66 

20,464  46 

7,486  68 

4,776  22 

10,348  12 

10,397  20 

3,001  66 

10,601  07 

4,209  07 

7.607  29 

9,196  07 

2,285  31 

2,397  48 

11,887  85 

2  42 

3  89 
468  43 

16  77 

1  IS 
07 

3  23 

180 

688  40 

289 

2  78 
584 

44 

6,884  65 

136  96 

19 


60 

10  96 

1,069  05 

376  16 

5,575  97 

10,000  00 

86  77 

25  49 


235  66 
3,000  00 


118  25 


4  62 

940  68 

7,966  50 

7,82186 


*The  Colorado  River  bridge  was  constructed  by  the  United  States  Indian  Service, 
the  Department  of  Bnglneeringr  only  acting  in  a  consulting  capacity  in  checking. 
amendlDiT  and  approving  the  plans  and  accepting  the  work  after  completion. 
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APPENDIX  A— Continued. 
Expenditure  on   Appropriations  November  1,  1914,  to  tfvne  30,  191$. 


Cbsptor 


XaDM  of  Job 


B&Unoe 

Not.  1.  19M. 

and  apprO' 

pcfatioiM 


June  Zfi,  19M 


551,1911 

465,1913 

697,1915 

25, 1911 

503,1909 

688,1911 

14.1901 

742, 1911 

502,1911 

4i3,1918 

634,  IMl 

512,1913 

532,1911 

801, 1915 

n,1900 

581,1911 

588,1911 

981,1916 

90^,1915 

OOBt.  S 

40B,  1909.  362, 

1911,  46S,  1913 

566, 1911, 

469,1913 

379,1909, 

649, 1913 

2SB,  1915 

821, 1915 

511, 1900 
207, 1911 
493,1913 
270, 1911 
291, 1915 
548,1911 
492. 1913 
271, 1911 
516,1909 
102,  1918 
290,1915 
228,  1911 


173. 1913 
136.  1911 
2-24. 1915 
393, 1915 
481,  1915 
4<K>,  1913 
459,  1913 
036,  1913 
Oont. 


Statb   Roads — Continued. 

Rectifying  river  efasimeli 

Reetifylng:  riyer  ehanneia 

San  Rafael  deep  water  channels  (main- 
taining navigability) 

Saeramento  River  flood  control 

Humboldt  Bay  lurvey . 

Mad  River  bank  protection .; 

Restraining  debris - 

Canals  and  canalisation  of  river 

Eel  River  bank  protection 


AoBicni/ruRAL  Park. 

Barns,  sheds,  poultry  buildings 

Dairy  buildings  and  bams , 

Drainage  and  sewage - .. 

Grandstand    .^^ 

{Improvement  and  maintenance .. 
Spent  by  Department  of  Engineerlivr- 
Spent  by  Agrleultural  Society 

]Ca<ftdnery  hall 

Manufacturers'  pavilion  ... 

Infield  walks  and  improvements 

Construction,  repairs,  bams,  sheds 

Women's  building 

Rspairs  to  Igrieultural  pavilion 

Militia. 

Armory,  Los  Angdes 

Armory,  Sacramento  


Armory,  San  Vrandsco 

Naval  Militia  buildings,  San  Diego. 
Armory,  Stockton 


SGH00L4EI. 

California  Polytechnic. 

Bams  

Dining  hall  

Heating  system 

Power,  heat  and  light 

Repairs  to  building  and  equipment 

Repairs  and  Improvements 

Repairs  to  building 

Heating  system  

Poultry  houses 

Water  system  

Water  supply  __. 

Water  and  sewer  system 

Chico  State  Normal. 

Repairs  and  additions  to  heating  system 

Passageway    — 

Repairs  and  improvements 

Grounds,  swimming  pool 

Swimming  pool  

Repairs  and   alterations 

Water   supply  

Street  work  

Model  raral  school ^ ^^^ 


66,588  12 
810900  12 

12,600  00 

89  86 

40946 

22,T09  01 

60,84«» 

847 


113.966  07 

792  88 

6^88161 

M  22 

fi/nooo 


602  86 

189  82 

6,000  00 

30b^K)0  00 

735  00 


66,668  12 
141,686  96 


18^972  60 
8ye04  47 


18 


|6bl60  89 

«15  90 

1^6  19 


415  02 
4,664  06 


444  8B 

11,SI2  14 

78180 


95,82ft  17 

2,880  69 

14,860  86 

2,600  00 

26,000  00 


124  22 

184  14 

10  00 

10  21 

16,000  00 

263 

146  49 

481 

06 

914  91 

80,000  00 

23  19 


$1,294  55 

86  81 

5,000  00 

600  00 

1,394  47 

585  66 

1,769  41 

76  70 

3.600  00 


12,345  72 

91014 

12,8tt94 
247149 
2,819  16 


$14,969  02 


62146 

4,969  84 


$1,216  48 
^_,. ! 


1,04146 
8i488'66' 


69,802  17 

12,900  00 

29  86 

429  46 

7,n7  41 

42,SW88 

Z47 


$8^80  18 

176  48 

8,466  0 

•4  22 


1- 


S64  12 


12 

iB»4nra6 

270 


$2,982  45 
1,410  46 
1,666  42 


$84  82 

184  14 
10  00 
10  21 


266 

148  02 

4  61 

06 

202  46 

16^010  lO 

28  19 


$79  OV 

25  21 

1,145  42 

800  08 

ijoiir 


Ut  96 
TiTO 
0186 
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AFPBNOIX  A--dNittiiue<L 
|txpeffi#ftur«  Qn  AppropriatU^it  November  1,  1914,  to  Juno  30,  1919. 


Name  of  lob 


BaUnm 

Nor.  1.  1914, 

aiida|ipro> 

pclAtloin 


Sxpesded 


0.  19U 


truimz 

Ooot. 


2M.  1915 


tS»]A15 
m,19l5 
41«^  1911 
4S»19IS 
50«,191S 
aOB,19U 


156»1909 

99.1913 
M0L1911 
011919) 

an.  mi) 

at  1909 
5n,19l9 
10^1911 

OQBt.38Ge 


09,1915 
491,1919 
814,1919 
04,1916 
49^.1918 


19I»19U 
4&,1918 
1915 


09,1915 
«^19U 
191^1911 
490^  19U 
141,1916 
19^1911 


05,1913 
09,1015 
04,1915 
549,1911 
517,1911 


Schools — Continued. 

Fremio  Normal  School. 
Oronnds  .^ ..^. 


Oronads 

TnqK>rar7  ImBdiBCi    .      

Tonporary  ImUdingo  .^ 

Water  supply  .. 


KflMrgoicj  tond  «,,,.  ■.^- 
BnUding  aod  eqidpiiMnt. 


Humboldt  State  Normal, 
Construction  and  eqnipnient 

Lo9  Angeles  State  Normal 

Iniprovement  grounds ^ 

Addition  to  mannal  training  boildinc 

Boildlng  and  improvement  fcmd ^.- 

E^pment  fmMl 

Bieecher  and  playground  equipment 

Sspairs  and  ImproTements 

Speot  by  trosteas .^^ 

Preeton  Bohool  of  Induatry. 
Tvro  cottages . 

Coiiaete  floor  .^^ . .*..*,. 

Bcpain 


99,000  00 

195  IS 

17  94 

9^009  00 

9,000  00 

•78,449  98 


|»).S30  00 


$19,000  00 

2,500  00 

66,834  84 

6,012  04 

106  06 

2,866  94 


91,722  19 

90,606  28 

11,991  71 

702  48 


«8;606U 

680  09 

14  00 

990,240  45 


910668  97 
2,873  49 


6,012  04 

95  09 
2,29186 


91,1^24 
7,606  47 


»•»! 


Pipe  Uqc ^^^^.^ •.• 

Addition  to  tradai  ImiUiiig . ,. 

Water  system  .» ^^ 

Water  power  plant 

dob  house 


»»w  ■■  ■  ■  ■■■! 


Ban  Diego  State  Normal  School, 

Grounds ...^^ 

Improyement  grounds  ....h..,.....-...— . 

Heating  plant ..^ . 

Bspairs  and  improvements 

Bepalrs — 

San  Francisco  State  Normal 
School, 

Bepairs  -, 

Repairs  and  furnishing 

Remodeling  buildings 

San  Joee  State  Normal  School. 

Outdoor  classrooms  ^ ^ 

Gymnasium  and  playgrounds ^ 

Grounds  

Btpalrs  

Street  Improvement — 

Training  buikUog 


I 


Santa  Barbara  State  Normal 
School, 

Grounds . 

Construction  and  equipment 

Repairs  

Main  building 

Lunch  room . 


96,000  00 
65  89 

18  09 

14,000  00  I 

466  24  , 


128  96 

688  48 
12,000  00 


120,000  00 

13  22 

188  43 

186  64 

20,000  00 

07 


96,600  00 

16,000  00 

5.000  00 

288  00 

4  89 


18,788  21 
441  19 


91  86 

507  48 

11,790  48 


$16,643  42 


I 


10,829  IS 


96,489  65 

13,800  62 

4,480  80 

274  58 

1  16 


96,404  80 

8,998  19 

101  IS 

17  94 

9,58160 

SiWOQO 

48,726  88 


989  55 


$1,386  U 

186  631 

12  01 


196  06 


$68195 

12,999  75 

U,l88  4fi 

702  48 

14,876  86 

99  79 

sa 

10^616  40 
565  90 

688 
1.400  00 


9186  80 
886 

18  99 

286  79 

15  06 


$22  66 

8105 

209  52 


$8366  58 

18  22 

188  18 

185  64 

9,670  87 
07 


$10  36 
1,109  88 

519  20 
860 
878 
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Appendix  a— Continued. 
Expenditure  on   Appropriations  November  1,  1914,  to  June  90,   1916. 


Chapter 


239, 1915 
318, 1915 
241, 1915 
262,1915 

240. 1915 
819,1915 

320. 1916 
401, 1913 
OoDt.  2604 


238.1915 
166, 19li 
238, 1911 
169, 1911 
194,1909 
427,  1913 
232,  1911 
317, 1915 
Cent. 
Cent.  1406 


442,  1913 
249, 1916 
248,1915 
440, 1913 
277, 1915 
655,  1911 


514,  1913 
247, 1915 
251,  1915 
250,  1915 
569,  1909 
523, 1911 
441,  1913 


418.  1913 
41ft, 1913 
24j,  11)15 


208.  1f>ir> 

5('fc,  una 

48:).  1913 

:i09,  1913 

209,  1915 

436,  1013 


296,  U»15 


Name  of  Job 


Balance 
Not.  1.  1914. 
and  appro- 
priations 


Expended 


Schools — Continued. 

Ventura  State  Training  School 
for  Girls. 

Commissary  building 

Cottages 

Cottage  for  males 

Drains  

Farm  buildings 

Garage 

Grounds   — — 

Construction  and  equipment 

Water  system 


Whittier  State  School. 


Cottages 

Cottage 

Dairy  bam  - 

Electric  light  plant 

Manual  training  building 

General  repairs  

Replplng    

Repairs  and  Improvements 

General  repairs 

Water  system — . 

California  School  for  the  Deaf 
and  Blind,  Berkeley. 


Dairy  bam 

lire  escapes 

Electric  wiring 

Gymnasium 

Heating  system 

Manual  arts  building 

By  trustees 


Repairs  and  Improvements 

Repairs  and  Improvements 

Repairs  and  Improvements 

Wells  and  equipment 

Improvements  

Water  supply — — — 

Machinery  and  equipment 


Industrial  Home  of  Mechanical 
Trades  for  Adult  Blind,  Oakland. 


Dormitory  _ 

Floors   

Repairs  and  Improvements. 

Homes. 

Sonoma  State  Home. 

Barracks    -— 

Cottage   for  epileptics 

Dormitory  

Expended  by  trustees 

Building  for  farm  hands — 
Grounds  and  roads 

By  trustees 

Nursery  for  males,  balance. 
Furnishing    


Net 

Nursery  for  girls,  appropriation. 
Furnishing  ._ 

Net 


97.000  00 

52,600  00 

«,100  00 

7,600  00 

6,000  00 

2,500  00 

7,600  00 

170^765  72 

500  00 


$00,000  00 

9,964  69 

94  98 

8,000  00 

920  96 

2,015  94 

771  72 

20,000  00 

6,000  00 

1.000  00 


$3,149  24 
1,500  00 
12,600  00 
48,314  40 
26,000  00 
12,19123 


340  43 
8,560  00 
4,500  00 
4,000  00 
264 
860 
2,850  00 


$31,069  56 

102  68 

4,000  00 


$10,000  00  ' 
16,361  75 
4.779  96  i 


225  30 

5,000  00 


4,107  90  ; 
1,500  00 


$2,607  99 

$25,000  00 

3,000  00 

$22.000  00 


$5,667  48 
47,311  09 
6,066  78 
7,868  76 
4,268  84 
1,871  68 
6.482  86 
166^786  54 


$1,606  01 

8,427  70 

8178 


980  96 
1368  51 

770  40 

18,604  40 

4,969  80 

64146 


$2^89  41 

1,469  67 

1,882  78 

46,962  71 

66168 

68  41 

11,744  OS 

11,797  48 

144  22 

7,410  26 

4,006  74 

20  00 

2^142 

$80^068  06 

8,09197 

$1,477  07 

16,814  97 

8,786  80 

964  84 

2,714  02 
866  76 

2.474  76 

1.910  60 

June  30.  1916 


$1.482  62 
5,188  91 
1,064  22 

136  25 
1,736  16 

6BS  82 
2,017  64 
4,019  18 

600  00 


$68,804  00 

1«680  99 

18  20 

'  3,000  00 

662  48 

1  28 

1,806  60 

10  90 


$800  88 

40  88 

10,687  27 

1,86169 

24,448  82 


106  21 

1,180  75 

400  86 

8,980  00 

S64 

880 

88  68 

$87160 

10S68 

908  08 

$6,882  00 
46  78 

58  84 

225  80 

1,480  28 


188  23 


20.079  41 
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.    APPENDIX  A— Continued. 
Expenditure  on  Appropriations  November  1,  1914,  to  June  30,  1916. 


Chapin 


saB^iflw 

519. 19U 

448,1909 

4S4,1918 

239,1911 

4S3.1913 

297,1915 

Cont.647 

Odnt.  1121, 1122 

Cent.  1124 

Oont.  l«n 

Cont.  778 

Oont.  1287 

Cont.l2M 

Oont.  1718 

488,1918 

214,1915 

885,1911 

511,1911 

212,1915 

481,1913 

282,1909 

216^1915 

886,1911 

GQB»19U 

489. 1908              1 

409,1918 

410^1918 

47<(V19IS 

482,1918 

B07,]9U 

215^1915 

506,1909 

4U,1913 

509,1911 

488,1909 

»,19U 

510^1911 

218,1915 


fl8,lffU 
40011918 
478;  1918 
806^1918 

754,1915 

Coot.  est.  648 


Name  of  iob 


Balance 

Not.  1.  1914, 

and  appn>> 

prlations 


Expended 


Balance 
June  SO.  1916 


HoMKS — Continued. 

Sonoma  State  Home — Continued. 

Power  honse  and  boflen 

Reflooring   — 

Manor  hooae 

Septic  tanks 

Water  supply 

Water  supply — 

Bepairs  and  replping 

Cannery  building 

Tubercnlar  hospital ^^ 

Plans  for  grounds 

Concrete  conduit 

Water  purifier  and  storage  tank 

Eleetrical  apparatus 

Boiler  for  power  house 

Oil  tank 


Veteran^  Home. 

Amusement,  assembly  and  library  bldg... 

Bath  rooms  In  barracks 

Cold  storage 

Cottage  C  - 

Cottages  - — - - 

Dairy  and  cow  barns 

Water  distilling  plant _ -, 

Electilc  wiring 

Pire  escapes 

Orounds  and  appurteoances 

Addition  to  hospital 

Lavatories 

Painting 

Pipe  line 

Rci>alr8  to  plumbing 

Plumbing 

Plumbing  repairs 

Bepairs  to  buildings- 
Balance  86  72 

Crsdlts  21  75 


Bepairs  to  buildings 

Bepairs  to  buildfaigs 

Storehouse  and  commissary 

Septic  tanks 

Surgeon's  residence 

Maintenance  Fund—Installing  irrigation 

and  oil  pipes 

Bepairs 

General  Fund  to  complete  surgeon's  resi- 
dence  

<3cneral  Fund—Addition  to  dining  room.. 
General  Fund— Addition  to  power  house.. 
General  Fund— Cold  storage. 


Hospitals. 

Affnei09  State  Hospital. 

Beoonstruction   _ _ 

Workers'  cottage  _ 

Nurses*  home _ 

Wiring   conduits   and   repairing   steam 

lines 

Construction  and  furnishing  of  patients' 

cottage  or  cottages 

Miscdlaneous  repairs 


$62  66    

728  34  1168  46 

18  78  I 

1,978  70  1,972  87 

27  60   

9,278  41  4,171  88 

16,750  00  601  89 

1,296  69  997  67 

8,429  86  70  72 

26O00  6248 

2,891  82  2,298  92 

475  04   

7  68 

179  83  1  92 

860  00 


814,970  24         $14,786  52 
15,000  00  4,578  06 

31  71    - 

1.792  10  1.608  86 

22,500  00  1,165  92 

300  99  269  OO 

79  82    

3.500  OO  15  12 

255  68    

123  82  20  91 

67  20  ,  66  80  ' 

24  «5  I .... 

4,350  99  4,314  66  | 

977  51  I  580  08  . 

4,973  80  ■  3,961  29  { 

1,000  00  217  11  ; 

10,000  00  I  1,880  99  ' 


$52  66 

559  8S 

18  78 

109 

27  80 

6,107  06 

18^848  11 

298  02 

8,368  64 

197  68 

98  OO 

475  04 

788 

177  91 

860  00 


$184  72 

10,421  92 

31  71 

98  25 

21,384  06 

40  99 

79  82 

3.484  88 

255  63 

102  91 

90 

21  65 

3C  83 

397  43 

992  61 

782  89 

8,139  01 


28  47 

1,891  8« 

967  99 

172  09 

1,122  65 

66  07   -_. 

18  88 

1.816  09 

767  17 

68  89 
247  81 

9  59 

76  75 

82 

106  20 

875  34 

66  07 

2,500  00 

15,000  00 

9?^  35 

1,759  90 
4,441  97 

740  10 
10,558  03 

223  36 

180  40    -. 

189  40 

152  68    ... 

lo2  68 

141  32    ... 

141  32 

$1,116  77 
41,464  87 
42,700  59 

$300  46 
34,942  94 
40,402  86  ' 

8816  32 
6,521  93 
2,297  74 

2,036  73  , 

1,998  39  , 

88  34 

22,600  00 
6  96   .. 

229  48 

22,270  52 
6  95 
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APPENDIX  A^-Coot|nu9d. 
Exp«iHlltur«  on  Appropriations  NovemlMr  1,  1914f  to  June  90,  1916. 


Cbtpter 


NUMQfjOb 


Balmnoe 

Nor.  1,  1914. 

uidanDroo 

PrlfttUMM 


Jam  m,  UM 


Cont.  est.  7S7» 

m4 
Cont.  est.  706^ 

946.  19U 
OoDt.  est.  688, 

TO,  JS08, 1918 
Coot.  946, 1918 
OQDt.  82, 199, 

1914 
Cont.  eet.  98 
Coot.  eBt.  37Sk 
.    1916 


OoDt.  est.  484, 

1915 
OoDt.  est.  689, 

906,402,2888, 

1915 

481, 1918 
107, 1918, 149, 

mi 

126^1911 
220, 1915 


19S,  ^5 


305,1913 
Oont.  879, 
Ck>ot.  444, 
Cont.  558, 
Cont.  418, 1916 


669,  960, 1916 


670. 1915 

216. 1914 
L06, 1914 

981. 1916 

965. 1915 


986, 1916 


891, 

1052, 1916 

1053 

,1916 

105S 

,  1P16 

2607 

,1916 

310, 

1900 

408. 

1913 

407, 

1913 

560, 

1911 

487, 

1913 

486, 

1913 

489, 

1909 

HO0PITAL0 — Continued. 
Affnetoa  State  Hospital — Continued. 

iDftAlUnc  one  2S0  horsepower  boiler 

Imp.  oi  betting  gystem  and  cooperage.. 

Gaa  holder  — • . 

B«paira  to  Ian  heating  pyBtem ... 


Temporary  barrackB 

Completion  ot  electric  system-. 


Changing  and  rpfltting  old  plumbing  flx- 
tm«8  and  buying  and  Installing  neces- 
sary new  flztures 

Completion  of  steam  heating  system — 


For  furnishing  and  instalUng  a  dock 

system  as  per  spedflcations  and  bid.... 

Gas  plant ■ 

Dam  and  reservoir 

Male  cottage 

Purchase  and  installation  of  three  elee- 

trio  elevators 

B^Bplacement  of  a  main  pipe  line  and 
connections  thereto  and  completion  of 

the  reservoir  and  water  systems 

Plumbing  repairs 

Assistant  physidan's  residence 

Salary  of  B.  B.  Klnkade 

Survey  of  grounds 

For  labor  and  material  for  repairs  and 
reinforcement  of  middle  dam  of  hos- 
pital water  supply  system  for  Irriga- 
tion and  domestic  use 

For  labor  and  materials  for  alterations 
and  construction  of  kitchen  and  service 

buildings  

Steward's  residence  

Labor  of  J.  C.  Warren  on  gas  plant. — 

Completion  of  gas  plant 

Survey  of  plumbing,  water  and  steam 

system   

Construction  of  two  gas  pipe  lines, 
beaters,  services  and  ranges  in  the  of- 
ficers' quarters 

Construction  of  a  concrete  conduit 
through  the  proposed  service  building.. 

Cottage  for  manager  and  guests 

Inepoctlon  of  work , 

Installation  of  substation  ecjuipm^t, 
transmission   lines,   distributing   lines 

and  lighting  system 

Remodeling  of  second  floor  of  adminis- 
tration building , 

Water  system  

Steam  boilers  __. , 

Cottages  (Dozler  and  Chambers) 

Cold  storage  plant — ^, 

Dairy  buildings _ 

Dormitories  and  sheds 

pymale  cottage _ 


946  sr 

SVt 

156  89 
29  88 

S2.t88(0 
1,066  00 


1,909  00 
2,806  18 


7,600  00 
5,406  69 

6,060  40 
261  82 

7,600  00 


16,000  00 

6,000  00 

806  14 

75  88 

86  87 


91.60O0O 


14,m  00 

8,000  00 

76  00 

549  01 

250  00 


1,600  00 

6G0  00 
4,600  00 
1,000  00 


8,500  00 

3,000  00 

26 

708  86 

18,297  81 

49  09 

18,826  92 

6,922  62 

819  48 


988  26 
18  68 

81,9T9  58 
1.047  89 


1.79189 
1,TC7  06 


TO 


8,007  49 
960 

9^50 


9,784  29 
280  81 


9087  44 


6,0a  54 

2,424  11 

79  00 

894  07 

198  01 


14114 

11178 

1,086  46 

458  00 


480  94 
UTS 


709  80 
10,009  40 

iZao9£ 

6,498  90 


946  27 

897 

99  94 
19  08 


880 

108  01 
978  19 

7.«7T0 
8  80 

8,Mf  81 
19  88 

7,908  44 


9,189  71 

4,789  18 

889  14 

78  88 

89  87 


99R69 

8^089  40 
979  89 

iTii 

12S99 

1.458  88 

688  27 

2,501  64 

546  09 

9,019  48 

2L999  86 


2.974  86 
49  99 

1,018  48 
488  78 
819  48 
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APPENDIX  A-^ontlnued. 
Expenditure  on  Approprlatront  November  1,  1914,  to  June  30,  1916. 


NaUMoT  job 


Balance 

Not.  1.  1914. 

and  appro- 

prlatlona 


Expended 


lime  30,  1916 


406^1913 
606, 19U 
S14.19Q9 
406,1919 
40I.191S 
215,1909 
e80|,191S 

995,19l» 
9H;l9lff 
9Si.l9!l6 
»M915 
a>llt.786ka06» 


1«9,]9>19 
Sm,  999,  1IM6, 

im 


14n,  SI.  195 

iisfr 


171,  lft4. 
1914 

887,1915 
lffl5 


1916 
MM7, 1015 
144».  1€98, 1988k 

3916 
1W7,19!I9 

XZ14,1916 
1916 


465,1919 
97,1915 


401.1909 
«r7,1919 
1909 
1911 
4S7.1909 
49,1909 
116,1907 
496^1918 
468;  1909 
t81«19U 


HoePTFALS — Continued. 
Agnewa  Btate  Hospital — Continued. 


Steam  heating  eyBtem., 

Irrigation 

KItcben 

Laundry  


North  pay  eottafe 

PBBtlvIng  and  treatment  bulldlns 

Badamation  of  lowlandta 

Bewlrftif  .._._..-.......^.... .......— .«.— 

Bemoddinff  south  pay  oottace 

Men  patients*  eottace . 

Bepabs  and  equtpnent  of  power  houes.. 

Women  patients'  eottage 

Home  for  working  men 


l^ansfomen ......i — ........ 

Addition  to  eonth  pay  eottage... 
JrUiuiutng-— wara  mo.  a..._...i^... 


Two  parole  cottages 

Laying  otit  of  grounds...... — . — . 

Cold  storage  plant . 

AmuBement  hall . ..^ .. . 

Telephone  system 

Light  and  power  system.. ....... 

Power  line 

Pipe  covering . — .. .... . 

Alteration  of  4  hot  water  storage  tanks.. 

Heating  system ... 

To  finish  ledamatlon  of  lowlands 

BepaJra  to  floors 

BcsDodel  bakery  and  kitchen 

Bungalow  lor  Dr.  G.  W.  Ogden.. 

Bepladng  roof  eoyerlng  of  laundry  and 

making  storey  of  sewer  pipe 

Drafting  and  Inspection 


Tower 

Alterations   of  assembly  building   and 

construction  of  classrooms . 

Power  plant  equipment 

Cost  of  bringing  sewer  Hue  and  heating 
conduit    to    cottages    for    men    and 

women  patients 

Site  and  buildings 

Support  and  maintenance  and  erection 

of  additional  boihilngs 

Support    


Southern  California  State  Hoapital 


Assistant  physician's  resldeuce.. 

Pour  oottagee  . 

Dining  hall  

Pemale  eottage 

Cottage  No.  2,  females 

Cottage  for  females 

Dairy  bams  

Laundry  . 

Beoelvlng  cottages  

Power  plant  


91,S21  48 

64199 

6199 

6,712  06 

1,198  06 

84  88 

8,969  11 

1,008  74 

15.000  00 

16^000  00 

5,000  00 

15,000  00 

15,000  00 


$1,178  00 
597  46 


6^487  67 
1,946  10 

ir,178  96 
980  06 

8,987  24 
465  96 


1,611  88 
80O79 


776  00 
100  00 

2,850  00 

4,700  00 
846  80 


850  CO 
150,872  98 

196,000  00 
106,000  00 

^,000  00 


$2  16 

1,1S0  96  I 

244  27 

1  86 

17  00 

50  90 

185  10 

16,680  48 

65  64 

8,887  66 


82  88 

9,606  17 

604  05 

568  07 

6,920  11 

1,886  45 


75  47 
86  06 


$869  18 


16,62197 


$148  80 

454 

6199 

254  99 

46  96 

84  88 

780  16 

78  72 

11,072  76 

14,684  04 

4,49166 

18,888  17 

14499  21 

786  88 
849 

67  88 

$172  60 
28  81 

924 
88  20 

663 

04 

02 

286 

66 

322 

806  96 

•84196 

S79  89 

668  65 

776  00 
24  68 

2,314  06 

4,700  00 
346  80 


860  00 

979  81 


12  16 

771  86 

2U  27 

1  86 

17  00 

50  00 

185  10 

6  51 

66  64 
107  70 


'Bstumed  to  Contingent  Pund. 


206 


BIENNIAL  REPORT  OP  DEPARTMENT  OP  ENGINEERING. 


APPENDIX  A— Continued. 
Expenditure  on  Appropriations  November  1>  1914,  to  June  30,   1919. 


Qiapter 


497, 1913 


458. 

1909 

218,1915 

307. 

1915 

ConUDgeata 

375, 

890 

311 

454. 

957,1000 

455 

466 

731, 

960,1079 

871 

66 

40,  406,  616 

109C 

1, 1916 

3dM 

,1916 

499, 

1913 

414, 

1913 

127, 

1911 

415,  1913 

197, 

1911 

128, 

1911 

243, 

1909 

416, 

1913 

129. 

1911 

211, 

1915 

210,  1915 


310, 

1915 

i 

.'«9, 

1915 

m), 

1915 

350, 

1915 

(^or 

itingenta: 

1516 

1 

410 

l>12 

770, 

793 

854 

867, 

2150, 

1915, 

261, 

1914 

Name  of  Job 


Balaoos 

Not.  1.  1914, 

and  aiipro- 

prtatlons 


Hospitals — Continued. 

Southern  California  State 
Hospital — Continued. 

Reflcrvolr-— 

Balance  1806  84 

Credit  ^ 5  20 


Stonn  drains  

Construction  and  tumlshlnc  2  cottages.. 


Water  supply 


Wiring  

Cottages  for  physicians 

Porch  for  Cottage  £ ^. ^^ 

Porch  for  Cottage  P 

Cottage  I  - 

Heating  system ^ ^^^^.^ 

Heating  system  . 


Cover  for  reservoir 

Superintendent's  residence . 

New  chicken  yards  and  equipment 


Repairing  walls  of  west  wing  main  bldg. 
Dairy  building 


Elevators   

Fire  protection  system 

Heating  system  .__ 

Heating  system  

Sewing  room  and  dormitory. 
Telephone  system  


Ward  No.  25. 
Water  system 
Boiler 


Furnishing 


Females,  convalescent  building. 


Furnishing 


Cottage  for  males. 

Electric   wiring   

Farm  buildings  __. 


Furnishing  

Two  physicians'  cottages. 


Completion  of  Are  protection  system. 

Plumbing  

I  Plumbing  

i  Plumbing   

Inspection  of  generating  plant _.. 

Hot  water  heater 

Completion  of  elevators. 


Expended 


Balance 
June  30. 1916 


1211  54 

274  71 

50,000  00 

8,500  00 


$11,500  00 
10^000  00 

4  70 

10  80 

92  25 

10S94 

492  68 

9,060  56 

460  78 

19  15 

11,396  47 

3,500  00 

1,500  00 
fl7,145  52 


3,080  98 
465  85 
424  82 
210  41 
261  48 
1  04 

22,110  48 

1,006  98 

7,000  00 

30,000  00 

3,000  00 

$27,000  00 

30,000  00 

3,000  00 


^,000  00 

$10,500  00 

7,000  00 

8,000  00 

1,000  00 

$7,000  00 

54  57 

11  90 

12  99 
87  76 

13  58 
707  82 
281  00 


92  66 


30,748  98 
2,228  10 


|a08  88 
274  71 


8,662  88 


11,804  75 

45  58 

30  20 

•l,4e0  80 

11,900  00 

604  87 

15,440  66 

8,006  84 

72  66 

144  50  i 

18  47  ' 

1 


1,75102 
7,776  84 

478 

10  80 

92S 

108  94 

492  68 

406  67 

469  78 

1015 

98  78 

8,454  42 


86  00 
802  66 
270  78 
10194 
261  48 
lOi 


2,523  47 
,        19,160  79 

\    321  98 
—"i  §685  06 

5,017  20 

426ff 

"'""""liSlo 

4,845  50 

22^60 

.    4,118  05 

$0,820  80 

5,173  70 

22^06 

$670  70 

1,826  21 

201  06 

6,706  06 

54  57 
1190 

12  90 

704  09 
22  7P 


87  76 

18  58 

378 

258  25 


♦Returned  to  Contingent  Fiind. 
fEquIpment. 


tReturned  to  institution. 
fBy  trustees. 
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APPENDIX  A— Continued. 
Expenditure  on  Appropriations   November  1*  1914,  to  June  dOf  1916. 


CSupter 


Name  of  Job 


Balam-e 

Not.  1.  1914. 

and  appm- 

prlatloDA 


184.  1906,  449^ 

1918 

4i7,]91S 

S7S,U09 

558,1909 

430,1018 

448,1918 

451,1913 

582,1909 

U9,]9IS 

273,1915 

SU,1915 

3U,1915 

»2,1915 

315,1915 

31d,  1913 

314,1915 

::a2.i9u 

£9,1909 


322,1913 
228;  1913 


541,1918 
228, 1915;  est. 
No.  2329 


263,1915 
532,1913 
588,1913 


198, 1915 

«B,1913 
MS.  1911 
322. 1911 
480, 1918 
9B8.19I5 
272,1915 
«79,1915 

706,1911 
49,1918 
«B0,1918 
318.1915 
706,1911 
«0,1918 
383,1915 


Hospitals — Continued. 

Southern  California  8tate 
Hospital — Continued. 


'  Cells  and  walls 

}  Construction  of  dairy  and  farm  building 

'  Additional  houses  

Boilers   - 

Laundry  and  equipment 

Repairs    


Shop  bulldinsrs  and  equipment 

Wardoi's  residence ~ 

Cells  and  walls  and  other  improvements. 

Cells  and  other  improvements 

New  bake  oven 

Farm  buildings  - 

Befrlgeratlnff  plant .... 

Power  house,  reconstruction  and  equip- 
ment   .. _..-. _. 

Repairs  and  improvements 

Warden's  residence  (to  be  spent  by 
prison  directors)  


Prisons. 

San  Quentin  State  Prison. 

Cells  and  walla... 

Guards*   cottages   


Set  aside  for  directors. 


Repairs  and  Improvements 

Water  supply  and  pumping  plant. 

MlSCBLLANXOUS. 


Owens  River  fish  hatchery 

San  Francisco  State  Building  Fund 


Los  Angeles  expo,  bldg.,  stairways. 
Expended  by  treasurer^ 


State  Treasurer's  ofllce,  equipment,  etc. 

State  Capitol  grounds,  conservatory 

Elevators,  State  Capitol  building 

State  Library  Fund,  elevator 


Governor's  residence 


State  Capitol  building,  painting 

Filing  cases 

Mission  Solano,  Sonoma,  restoring 

Mission  Solano,  Sonoma,  repairs 

Mission  Solano,  Sonoma,  curb  and  gutter 

State  printing  plant,  painting 

Greek  ehapd  at  Fort  Ross,  restoration 
and  rebuilding  — 


Contingent  expense,  Dept.  Eng. 


Oontli^ent  expense,  Dept.  Eng 

Contingent  expense,  Dept.  printing. 
Contingent  expense,  Dept.  printing. 
Contingent  expense,  Dept.  printing. 


195,162  75 

2,515  88 

1,847  76 

6185 

9,841  26 

10,686  89 

82,422  88  * 
8,909  92 

82,886  67  ! 

87,605  08 
5,000  00 
1.500  00 
6,000  00 

31,000  00 
20,000  00  ' 

4,000  00. 


971,244  93 

2,958  78 

82.000  00 

21,000  00 


$11,000  00 
o.OOO  00 


138,978  00 
1,000,000  00 

3,150  00 
3,000  00 
1,500  00 


1,500  00  I 
199  17  I 
2.662  95  ' 
7,282  49 


5,000  00 

5,733  23 
2  57    . 
109  84    . 
1«2  19  ' 
300  00  ' 

2,im  UO  ' 

I 

2,000  00    . 

9,012  44  : 

17,500  00  I 
9oi>  67  '. 
2,91  .>  07 
2,300  00 


Expendod 


^,860  78 
1,788  22 


Balance 
June  30,  1916 


9,190  46 

10,448  20 

86  16 

*82,886  67 

8,671  14 

80,848  28 

21.102  76 


1,872  25 
1,906  IS 

21,481  06 
9,877  46 


$66,388  91 
2,689  99 


4,067  15 
523  68  ' 


$11,812  80 
112  04 

169  88 


976  47  I 

153  44  ' 

2,023  10 

7,228  26 

*3,468  64 

655  76 

5,634  23 


29  83 

196  88 

1,997  44 


8,963  96 
15,528  94 


1,839  56 
275  42 


$5,301  97 

782  61 

1,847  76 

61  86 

660  80 

288  09 


238  78 

1,643  i4 

16,602  82 

6,000  00 

127  75 
4,008  85 

9,568  94 
10,122  54 


$14,851  02 
813  79 


6.942  85 
4,476  37 


$27,165  20 
999,867  96 

2,960  C2 


623  33 
45  78 
39  85 
54  28 

875  60 

99  00 

2  67 

100  84 

962  36 

104  12 

2  56 

2,000  00 

48  48 

1,97102 

955  67 

1,075  61 

2.224  68 


*BeapproprIated. 
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expentfltur*  on  AppropiiatlOfM  Nov«fnfe«r  1,  1014,  to  Jurt«  80,  1816. 


CbAVtar 

Name  of  job 

BaUnco 

Not.  1.  1914. 

uulanpio- 

prUUoos 

Sxpended 

JVBS  SO.  UK 

896,1015 

MiBCBLLANBOus — Continued. 
Emergency  fund,  drmftlnff .^ 

Tlirei  ardiitector*!  draftmon  ^ . 

fl6»000  00 

12,000  00 

««12  90 

8864  68 
6,887  10 
1,886  60 
2,414  19 
8Jtt88 
1,846  77 
2,698  64 
808  06 

110,118  01 
18,807  04 

8,880  87 
8,170  22 

6,906  00 
0,725  46 

815,685  32 

806. 1016 

m.887  10 

4,200  00 

*214  60 

f, 000  00 

One  tcetinff  entfneer ^ 

General  approprlatloa  .             . 

One  taechanleal  enclneer — .^^^.•^•.. 

896,  lOU 

18.965  60 

5,400  00 

•275  80 

2400  08 

806,1015 

16,124  90 

7,200  00 

•887  TO 

tTOOOl 

Two  flling  clerks.       ^ 

General  appropriation  ...«*.......».-.*^ 

Blue-print  pressman  .^......^...».^.._ 

General  appfOMiatlon  ....^............. 

SOS,  1016 

8,000  00 

•18S80 

8^04 

806.1915 

18,846  80 

6,000  00 

•806  40 

MOO  08 

Two  clerks  and  stenograpbers.      

General  appropriation 

One  Dorter  and  mcssenfer.    —- .— -_ 

SOS,  1915 

86,608  60 

1300  00 

•9186 

8,000  08 

81,708  06 

114,000  00 
14,000  00 

0,000  00 
0,000  00 

7,000  00 
7,000  00 

800  00 

704,1000 
704,1900 
704,1900 

COOPBRATITB  RCSBARCH. 

Topoerapliic  surver— 

Appropriated  July  1,  1915 ^ 

Appropriated  July  1,  1916- 

Hydrographic  survey- 
Appropriated  July  1,  1915 

Appropriated  July  1,  1916 .^ 

Irrigation  (Adams)  surrey^ 

Appropriated  July  1,  1915 ^. 

Appropriated  July  1,  1916 

8MB180 
182  08 

08 
880  78 

440 

274  64 

800,000  00 

164,877  20 

16.122  80 

•Paid  direct. 
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Being  a  Reprini  of  Bulletin  No.  2,  issued 
by   ihe   Deparimeni   of  Engineering,  1916 


Irrigation  Districts  in  California 

1887-1915 


By  FRANK  ADAMS,  IrrigaUon  Manager 

Office  of  Public  Roads  and  Rural  Engineering 

United  States  Department  of  Agricuilure 


(Based  on  data  galhered  under  cooperative  agreement  between  the  Office 
of  Public  Roads  and  Rural  Engineering  of  the  United  Stales  Department  of 
Agricullare  and  the  California  State  Department  of  Engineering.) 


PREFACE. 

Irrigation  Districts  in  California,  1887-1915,  a  historical  sketch  of  the 
operations  of  the  "Wright  Irrigation  District  law  with  descriptions  of 
the  49  districts  formed  under  that  law,  their  successes  and  failures, 
together  with  an  account  of  the  amendment  of  the  Wright  law  in  1897 
and  subsequently,  and  of  operations  under  the  amended  law,  com- 
piled by  Frank  Adams,  was  published  as  Bulletin  No.  2  by  the  State 
Department  of  Engineering  early  in  1916.  The  demand  for  the  book 
was  so  great  that  the  edition  was  exhausted  in  a  very  short  time,  and  in 
order  to  satisfy  several  hundred  requests  for  it  the  matter  is  here  repro- 
duced as  an  appendix  to  the  biennial  report  of  the  department. 

In  order  to  fully  understand  why  so  few  of  the  districts  were  not 
successful  it  is  only  necessary  to  carefully  read  their  individual  histories 
as  set  forth  herein,  when  it  will  be  seen  that  many  of  the  failures  were 
not  due  to  inherent  defects  of  the  law. 

The  list  of  court  cases  affecting  irrigation  districts  appearing  in 
Addendum  III,  page  133,  will  be  found  useful  to  the  student  of  irriga- 
tion law,  and  Addendum  IV,  giving  an  outline  of  the  present  irrigation 
district  law,  will  answer  many  questions  occurring  to  the  proponents  of 
new  districts. 

A  careful  perusal  of  the  entire  document  is  commended  to  all  who  are 
interested  in  the  promotion  of  irrigation  under  any  district  or  coopera- 
tive plan. 

The  text  of  this  history  was  completed  in  1915,  and  gives  conditions  as 
they  existed  at  that  time.  The  entire  text  is  preserved  as  published  in 
Bulletin  No.  2,  but  where  important  conditions  are  known  to  have 
changed,  or  new  districts  organized,  mention  of  which  does  not  appear 
in  the  text,  the  omissions  will  be  found  supplied  in  appropriate  foot 
notes. 

An  exception  to  this  rule  is  the  map  of  California  appearing  opposite 
page  60,  and  showing  the  location  of  all  existing  districts,  which  is 
brought  up  to  date  as  of  November  30,  1916. 
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INTKODUOTION. 

The  irrigation  district  is  now  an  established  institution  in  California. 
First  authorized  in  California  on  a  comprehensive  basis  in  1887,  after 
an  agitation  in  favor  of  neighborhood  irrigation  extending  over  at  least 
fifteen  years,  and  with  extreme  bitterness  toward  riparian  proprietors, 
following  the  decision  in  Lux  vs.  Haggin,  probably  furnishing  much 
of  the  motive  force  that  carried  the  Wright  act  of  1887  through  the 
legislature,  it  has  been  found  to  be  a  workable  and  desirable  plan  for 
community  ownership  and  operation  of  irrigation  works.  It  is  not 
the  form  of  irrigation  organization  that  is  numerically  strongest  in 
California,  nor  is  it  very  likely  to  attain  nuraerieal  precedence  over  the 
cooperative  or  mutual  irrigation  company.  Neither  is  it  the  form  of 
organization  under  which  the  largest  acreage  is  now  irrigated  in  this 
state.  It  is,  however,  the  fonn  of  organization  that  is  now  most  gen- 
erally considered  both  for  new  and  for  the  reorganization  of  old  irriga- 
tion development  in  California,  as  it  is  the  form  that  has  been  most 
largely  employed  in  this  state  in  the  more  important  new  irrigation 
development  and  reorganization  of  the  present  decade.^ 

The  irrigation  district  idea  did  not  originate  in  California.  Prior  to 
the  passage  of  the  Wright  act,  Italy,  France,  and  Spain  had  provided 
for  neighborhood  irrigation  systems  to  which  the  district  plan  is  some- 
what similar.  Municipal  organization  had  also  been  employed  in  drain- 
age. The  first  irrigation  district  legislation  in  the  I'nited  States  was 
passed  by  Utah  in  1865.  That  legislation  provided  that  county  clerks, 
on  application  of  a  majority  of  landowners  in  areas  proposed  to  b(» 
organized,  should  create  districts.  In  those  districts  landowners  were 
the  electors,  if  land  taxes  were  to  be  levied,  or  taxpayers,  if  general 
property  taxes.     A   few   districts   were   formed   under  that   act,   but 


*This  report  deals  only  with  irrijrntion  districts  orsanizod  under  the  original 
Wriifht  act  of  1887  and  the  act  of  1^97  as  amondod  to  1915.  Three  additional 
district  acts  were  passed  in  1913,  hut  those  wore  drawn  to  meet  special  situations 
and  should  not  be  confused  with  the  tfonornl  California  irrigation  district  act. 
These  special  acts  were  as  follows:  Statutes  1913.  chapter  870,  providing  for  i\\H 
organization  of  county  irrijcation  districts  (changed  by  Statutes  1915,  chapter  39. 
to  county  waterworks  districts)  and  intended  to  facilitate  water  distribution  for 
irrigation  purpopes  frona  the  1a)s  Angeles  aqueduct;  Statutes  1913,  chapter  3S7,  pro- 
viding for  the  organization  of  water  districts  and  intended  to.  facilitate  organization 
of  a  large  desert  area  along  th.^  Colorado  Hiver  in  (Miuckawalla  Valley:  and  Statutes 
1913,  chapter  502,  providing  for  the  oruaui/aticn  of  county  water  districts.  Several 
districts  have  been  organized  under  the  first  if  these  acts  but  there  has  been  no 
organization  under  the  other  two.  Statut«s  1915,  chapter  <>21,  known  as  the  "Cnli- 
fornia  Irrigation  Act,**  another  act  designed  to  meet  a  ])articular  situation,  authorizes 
irrigation  districts  to  reorgnnize  under  it,  l)ut  no  such  nM>rganization  is  now  contem- 
plated by  existing  districts. 
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nothing  important  was  accomplished.  The  first  California  irrigation 
district  act  was  passed  in  1872,  **An  act  to  promote  irrigation  by  the 
formation  of  irrigation  districts."  It  provided  that  owners  of  lands 
desiring  to  irrigate  or  drain  them  might  petition  the  county  supervisors 
for  the  formation  of  irrigation  districts.  It  was  required,  in  the  case  of 
any  proposed  district,  that  the  petition  should  contain  a  description  of 
the  land,  the  names  of  the  landowners,  and  the  names  of  three  persons 
whom  it  was  desired  should  serve  as  trustees  for  the  first  three  months. 
After  verification  and  publication  of  the  petition  the  supervisors  were 
required  to  grant  it.  By-laws,  powers  of  trustees,  reports,  and  assess- 
ments were  briefly  provided  for.  The  law  was  inoperative.  In  1874 
an  act  was  passed,  applicable  only  in  Los  Angeles  County,  providing 
for  the  office  of  county  superintendent  of  irrigation,  whose  duty  it 
should  become,  upon  petition  of  a  majority  of  the  property  owners  in 
any  given  area,  to  examine  the  plans  and  the  feasibility  of  any  irrigation 
system  proposed  therefor,  and  thereupon  to  notify  the  county  super- 
visors, who  should  then  call  an  election  upon  the  question  of  taxation 
for  the  construction  of  irrigation  works,  and  the  election  of  water  com- 
missioners, only  taxpayers  being  permitted  to  vote  in  any  such  election. 
There  was  no  organization  under  that  act.  In  1876  another  special  act 
was  passed  creating  the  Westside  Irrigation  District.  That  law  pro- 
vided for  five  commissioners,  an  assessor,  a  collector,  and  a  treasurer.  It 
further  provided  for  issuing  20-year  8  per  cent  bonds  to  the  amomit 
of  $4,000,000.00,  to  be  redeemed  by  direct  tax  levy,  and  to  be  a  lien 
upon  the  lands  within  the  district.  Surveys  were  made  for  a  canal 
from  Tulare  Lake  to  Antioch,  but  all  effort  under  the  act  soon  lapsed. 
A  final  special  act,  creating  Modesto  Irrigation  District,  covering  the 
area  now  generally  embraced  in  ^lodesto  and  Turlock  districts,  was 
passed  in  1878.  That  act  provided  that  direct  taxes  should  be  levied 
only  for  repairs  and  that  the  construction  fund  should  ultimately  be 
secured  from  the  increase  in  the  gross  tax  receipts  expected  to  follow  a 
contemplated  rise  in  land  values.  The  credit  of  the  state  and  of  Stanis- 
laus County  was  pledged  for  the  payment  of  bonds  up  to  $500,000.00. 
As  in  the  case  of  previous  special  acts,  nothing  substantial  resulted 
from  that  one. 

The  period  of  the  seventies  and  eighties  in  California  was  one  of 
intense  interest  in  and  of  great  eontrovei*sy  over  irrigation.  The  spirit 
of  development  was  widespread,  but  larjre  landowners  and  riparian 
proprietors  seemed  generally  to  be  arrayed  against  agitation  for  com- 
munity endeavor.  AVlien  the  office  of  state  engineer  was  created  in 
1878,  one  of  the  chi(»f  duties  of  the  state  engineer  was  the  study  of 
irrigation,  and  in  his  fii'st  important  report,  presented  in  1880,  he  out- 
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lined  an  act  governing  the  formation  of  irrigation  districts.  For  the 
first  few  years  following,  efforts  in  behalf  of  irrigation  legislation  seem 
mainly  to  have  been  directed  toward  the  enactment  of  a  general  irriga- 
tion law  for  the  state,  and  against  riparian  owners.  In  1886,  however, 
Mr.  C.  C,  Wright,  a  lawyer  of  Modesto,  who  for  some  years  had  been 
carefully  studying  irrigation  and  who  was  familiar  with  progress  in 
Europe  and  elsewhere,  and  who,  also,  represented  a  typical  San  Joaquin 
Valley  community  striving  to  obtain  an  irrigation  water  supply  and  to 
construct  a  community  irrigation  system  in  spite  of  opposing  large 
landowners,  was  sent  to  the  legislature  expressly,  it  has  been  said,  to 
procure  the  passage  of  a  law  under  which  such  communities  as  his  own 
could  build  and  operate  their  irrigation  works.  For  ten  years  progress- 
ive farmers  in  Stanislaus  County  had  been  advocating  the  construction 
of  an  irrigation  ^stem  to  permit  of  substituting  irrigation  farming  for 
the  grain  farming  that  had  already  begun  to  be  unprofitable.  They 
had  not,  however,  been  able  to  agree  on  any  plan.  The  only  hope  seemed 
to  lie  in  a  law  under  which  the  opposing  minority  could  be  forced  into 
compliance  with  the  will  of  the  majority,  and  to  pay  their  just  pro- 
portion of  the  cost.  The  decision  in  Lux  vs.  Haggin  had  just  been 
rendered  and  advocates  of  irrigation  by  appropriation  were  ready  to 
join  enthusiastically  in  any  measure  that  promised  relief. 

The  irrigation  district  act  passed  by  the  legislature  of  1887,  known 
as  the  ** Wright  Act,"  remained  on  the  statute  books  for  ten  years,  with 
important  amendments,  drafted  in  the  light  of  experience,  adopted  in 
1889,  1891,  1893,  and  1895.  In  1897  it  was  rewritten,  considerably 
enlarged,  and  re-enacted  as  an  entirely  new  act,  variously  known  as  the 
'^Bridgford  Act,''  the  '* Irrigation  Act  of  1897,"  and  the  '* California 
Irrigation  District  Act."  Many  further  amendments  have  been  made 
from  time  to  time,  and  numerous  supplemental  acts  have,  been  passed,  as 
well  as  a  number  of  acts,  relating  individually  to  the  various  districts 
that  have  been  organized.  The  more  important  of  the  recent  amend- 
ments and  supplemental  acts  have  had  to  do  with  financial  aspects  and 
state  control. 

Entirely  aside  from  any  value  that  may  be  attached,  from  an  academic 
standpoint,  to  a  rather  full  statement  of  an  important  movement  in  the 
economic  development  of  the  state,  the  value  of  a  study  of  California 
irrigation  districts  is  believed  to  be  twofold.  The  disastrous  mistakes 
made  under  the  original  California  irrigation  district  act  brought  a 
tremendous  economic  loss  to  California,  and  a  knowledge  of  those  mis- 
takes is  the  most  effective  preventive  of  a  repetition  of  them.  Secondly, 
irrigation  districts  are  as  a  rule  organized  by  people  unused  to  effective 
business  management,  and  the  large  general  interest  the  state  has  in 
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fostering  right  development  warrants  furnishing  to  those  who  are 
operating,  or  who  contemplate  organizing  irrigation  districts,  whatever 
assistance  available  means  will  permit.^ 


THE  WBIGHT  ACT  OF  1887. 

Briefly  stated,  this  act  sought  to  confer  on  farming  communities 
powers  of  municipalities  in  the  purchase  or  construction  and  the  opera- 
tion of  irrigation  works.  Those  powers  included  the  right  of  eminent 
domain,  the  right  to  issue  bonds  against  all  of  the  real  property  within 
any  area  organized  into  an  irrigation  district,  and  the  right  to  tax  that 
property  for  the  payment  of  the  cost  of  any  irrigation  works  acquired 
or  built,  and  of  their  operation.  *' Fifty,  or  a  majority  of  freeholders 
owning  lands  susceptible  of  one  mode  of  irrigation  from  a  common 
source,  and  by  the  same  system  of  works,''  were  authorized  to  propose 
the  organization  of  an  irrigation  district  before  the  board  of  super- 
visors of  the  county  in  w^hich  the  lands  included  should  be  located.  All 
electors  in  the  area  included  were  allowed  to  vote  at  district  elections, 
but  it  was  provided  that  at  least  two-thirds  of  all  of  the  votes  cast  at 
an  organization  election  should  be  favorable  to  organization  in  order  to 
carry  it,  that  a  majority  of  all  the  votes  cast  at  bond  elections  should 
approve  the  bonds  submitted  before  they  could  be  issued,  and  that  two- 
thirds  of  all  votes  cast  at  elections  on  special  assessments  should  approve 
such  assessments  before  they  could  be  levied.  Full  provision  was  made 
for  the  conduct  of  district  elections,  for  meetings  of  boards  of  directors, 
and  for  their  management  of  district  business,  for  the  issuance  and  sale 
of  bonds,  for  the  levying,  equalization,  and  collection  of  assessments, 
including  the  sale  of  property  for  district  taxes  and  its  redemption 
within  twelve  months  from  date  of  sale,  for  the  adoption  of  plans  of 
works  and  for  their  construction,  for  the  payment  of  all  district  expenses, 
etc.  Boards  of  dire(.»tors  were  given  full  authority  to  call  special  district 
elections  on  both  the  questions  of  issuing  bonds  and  of  le\^ing  of 
special  assessments.  District  bonds  were  made  payable  in  installments 
from  the  eleventh  to  the  twentieth  year  after  issue  and  were  to  bear 


*ThR  data  presented  in  this  report  have  been  gathered  from  time  to  time,  daring 
a  period  extendini?  over  fifteen  years,  and  to  an  extent  that  might  not  have  been 
warranted  in  connection  with  a  movement  less  closely  related  to  the  arricultural 
development  of  the  state  than  the  irrijration  district  movement  has  been,  and 
still  is.  Many  connected  with  the  early  history  of  districts  organized  under  the 
Wright  act.  and  from  whom  data  were  obtained  by  letter  or  by  personal  interview 
fifteen  years  affo,  are  no  lonjrer  livinjr,  and  while  all  of  the  information  gained  from 
them  and  others  could  not  be  included  in  this  report,  as  complete  histories  of  each  of 
the  forty-nine  Wright  districts  formed  as  the  available  data  have  made  possible  have 
been  filed  with  the  State  Department  of  Engineering  at  Sacramento,  The  writer  has 
been  assisted  from  time  to  time  in  uathering  data  about  the  old  districts  by  the 
following:  Wells  A.  ITutchins,  U.  M.  Gidnoy,  A.  L.  Cowell,  Miss  M.  J.  Shields,  H.  J. 
Quayle,  and  Harry  Barnes.  Mr.  Wells  A.  IIul chins  has  also  assisted  materially  in 
reviewing  court  decisions  affecting  irrigation  disliicts,  and  the  irrigation  district 
legislation  passed  in  California. 
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interest  at  the  rate  of  6  per  cent,  and  it  was  provided  that  bonds  should 
not  be  sold  for  less  than  90  per  cent  of  their  face  value.  In  short,  the 
act  sought  to  clothe  farming  neighborhoods  desiring  irrigation  with  full 
authority  at  law  to  acquire  by  condemnation  or  otherwise  all  water 
rights  and  irrigation  works  that  a  majority  of  the  freeholders  and 
two-thirds  of  the  electors  voting  in  any  district  election  in  such  neigh- 
borhoods should  decide  in  favor  of,  with  the  taxing  power  ©f  the  state 
conferred  upon  such  neighborhoods  for  financing  their  acquirement  and 
operation. 

ACTIVITIES  UNDER  THE  WRIGHT  ACT. 

Organization  of  irrigation  districts  followed  quite  rapidly  after  the 
passage  of  the  Wright  act.  The  act  was  approved  March  7,  1887,  and 
before  the  end  of  that  year  Turlock,  ]\Iodesto,  Orland  and  Central  dis- 
tricts had  been  formed,  in  the  order  named.  Seven  organized  in  1888, 
including  Browns  Valley,  Madera,  Alta  and  Poso ;  six  in  1889,  including 
Tulare,  Anaheim  and  Escondido;  eleven  in  1890,  including  Selma, 
Rialto  and  Perris;  thirteen  in  1891,  ineludiup:  Sunset,  Tipton,  Ales- 
sandro,  Fallbrook,  Linda  Vista  and  Otay ;  three  in  1892 ;  four  in  1893, 
including  Walnut;  and  the  last,  Amargoza,  in  1895 — in  all  forty -nine. 
Prom  1887  to  1893  petitions  were  also  filed  for  the  formation  of  ten 
more,  in  five  of  these  cases  the  question  of  organization  reaching  a  vote 
and  being  defeated.^ 

Because  so  few  of  the  districts  organized  under  the  original  Wright 
act  succeeded  and  because  so  many  were  colossal  failures,  an  impression 
has  grown  up  that  nearly  all  of  them  were  speculative  and  fraudulent 
and  that  practically  all  defaulted.  If  this  impression  were  justified  it 
might  not  be  considered  in  the  interest  of  irri^ration  district  develop- 
ment to  delve  too  closely  into  their  history,  but  rather  to  pass  them  over 
as  of  no  live  interest  at  this  time,  even  at  the  expense  of  covering  Tip  an 
interesting  phase  of  California  eronomie  history.  Hut  a  careful  study 
of  all  of  the  facts  available  fails  to  support  such  an  impression.  Dis- 
honest and  fraudulent  districts  there  undoubtedly  were — districts  wholly 
speculative  and  with  neither  physical  nor  agricultural,  nor  even  moral, 
justification.  Nevertheless,  in  spite  of  tlie  speculation  and  the  dis- 
honesty and  the  repudiation  of  some  of  the  districts,  and  also  in  spite 
of  the  fact  that  only  eight  districts  out  of  the  forty-nine  organized  are 
now  operating,  the  movement  embodied  in  the  irri<z:ation  districts  organ- 
ized from  1887  to  1895  was  in  its  final  results  essentially  constructive 
and  forward,  and  as  such  is  full  of  sujr<rcstion  to  those  concerned  in 
irrigation  managed  under  the  district  form  of  organization. 

A  statistical  list  of  the  original  Wriirlit  irri<ration  districts  is  given 
in  the  addenda.     It  docs  not   sccin   \vi.>c  t\vcnt\    to  thirtv   vears  after 


W  list  of  these  proposed  districts  is  given  in  the  addenda. 
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they  were  organized  to  attempt  to  classify  them  according  to  their 
feasibility.  Some  that  were  not  feasible  when  organized  would  be 
feasible  now.  A  number  would  have  been  feasible  on  a  much  smaller 
scale  than  attempted.  Some  had  hardly  an  element  of  justification. 
Some  were  entirely  feasible  and  still  failed  from  general  adverse  condi- 
tions.    One  or  two  of  those  still  active  have  never  really  succeeded. 

Nor  doe»  it  seem  conclusive  to  classify  these  districts  geographically, 
or  according  to  their  success  or  failure.  While  those  organized  in  Sac- 
ramento and  San  Joaquin  valleys,  for  instance,  were  mostly  free  from 
grossly  speculative  features,  and  while  many  of  those  organized  in 
southern  California  were  of  a  directly  opposite  nature,  districts  formed 
in  all  three  of  these  general  subdivisions  of  the  state  had  important 
features  and  interests  in  common. 

In  order  to  learn  the  most  from  these  old  districts  it  therefore  seems 
best  to  consider  them  from  the  point  of  view  of  what  seems  to  have  been 
their  purpose.     Thus  classified  they  might  be  grouped  about  as  f oUow^s : 

Districts  essentially  nonspeculative  and  formed  to  meet  a  bona  fide 
demand  for  new  irrigation  works-.  Orland,  Kraft,  Orland  Southside, 
Central,  Colusa,  Browns  Valley,  Modesto,  Turlock,  Huron,  Tipton, 
Tule  River,  Kern  and  Tulare,  Poso,  Amargoza,  Neenach,  Palmdale, 
Pomona  Orange  Belt,  Olive,  Grapeland,  East  Riverside,  Elsinore,  San 
Jacinto  and  Pleasant  Valley,  Riverside  Heights,  Escondido,  Fallbrook, 
San  Marcos,  Otay.   (27) 

Districts  essentially  nonspeculative  and  formed  wholly  or  largely  for 
reorganization  or  improvement  of  existing  systems:  Happy  Valley, 
Madera,  Selma,  Alta,  Tulare,  Santa  Gertrudes,  Vineland,  Glendora, 
Strong,  Walnut,  Anaheim.   (11) 

Districts  essentially  speculative:  Sunset,  Manzana,  Little  Rock  Creek, 
Big  Rock  Creek,  Rialto,  Citrus  Belt,  Alessandro,  Perris,  Murrietta, 
Linda  Vista,  Jamacha.  (11) 

Nonspeculative  Districts  Formed  to  Meet  a  Bona  Fn>E  Demand  for 

New  Irrigation  Works. 

Of  the  twenty-seven  districts  placed  in  this  group,  many  offer  but 
little,  if  anything,  of  particular  interest.  Orland,  Kraft,  Orland  South- 
side,  and  Colusa  were  merely  unsuccessful  attempts  to  accomplish  what 
all  of  the  smaller  and  many  of  the  larger  resident  farmers  wanted,  but 
against  which  there  was  sufficient  opposition  to  prevent  conclusive  action. 
In  the  main  they  wore  merely  ahead  of  their  time  and  victims  of  neigh- 
borhood lethargy  and  bickering.  A  portion  of  the  land  included  in 
Orland,  Kraft,  and  Orland  Southside  districts,  and  the  water  supply 
they  counted  on,  are  now  embraced  in  the  Orland  project  of  the  United 
States  Reclamation  Service.  Huron,  Tipton,  Tule  River,  Kern  and 
Tulare,  Amargoza,  Neenach,  Palmdale,  Pomona  Orange  Belt,  Elsinore, 
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San  Jacinto  and  Pleasant  Valley,  Riverside  Heights,  Fallbrook,  and  San 
Marcos  districts  but  represented  ill-advised  efforts  to  obtain  water  where 
in  most  instances  there  was  no  suflRcient  or  stable  supply.  Olive  covered 
only  a  very  small  area  which,  after  confirmation  of  the  organization  and 
the  bond  issue  voted,  it  was  later  thought  best  to  supply  with  water  by 
other  means  than  a  district  organization.  Grapeland  district  was  pre- 
vented from  consummating  its  plans  largely  through  inability  to  obtain 
title  to  its  proposed  water  supply  in  advance  of  undertaking  develop- 
ment. It  spent  a  large  amount  of  money  in  the  light  of  the  best  engi- 
neering data  available,  and  about  1,000  acres  of  orchard  is  said  to  have 
been  planted  in  the  faith  that  the  district  would  succeed,  but  an  adverse 
court  decision  gave  others  superior  rights  to  2,700  inches  of  water  from 
Lytic  Creek  and  the  district  failed.  Bonds  traded  by  this  district  for 
groceries  were  later  held  invalid.  East  Riverside  district  had  all  of 
the  elements  of  success,  was  efficiently  managed,  built  one  of  the  first 
irrigation  pumping  plants  in  California,  and  has  been  eminently  suc- 
cessful as  an  irrigation  venture,  but  owing  to  difficulties  in  collecting 
district  taxes  before  irrigation  water  was  made  available,  defaulted  its 
bond  interest  and  found  it  best  to  reorganize  into  the  Riverside-High- 
lands Mutual  Water  Company.  All  of  the  land  of  the  old  district  is 
now  watered  by  that  company  and  the  value  of  citrus  groves  established 
on  that  land  is  estimated  by  a  well-informed  banker  at  $2,000,000.00. 

CENTRAL. 

This  district  was  organized  November  22,  1887.  Entirely  feasible 
physically  it  was  still  a  disastrous  failure  because  of  the  legal  and  finan- 
cial troubles  that  beset  all  of  the  districts  in  the  early  nineties,  but  most 
of  all  because  the  forced  irrigation  of  the  great  holdings  included, 
averaging  870  acres  for  the  entire  district  and  with  forty  owners  hold- 
ing an  average  of  2,225  acres  each,  could  not  possibly  succeed  under 
settlement  conditions  existing  then  or  even  now. 

The  petition  for  the  formation  of  Central  irrigation  district  was 
signed  by  64  (supposed)  freeholders  and  was  accompanied  by  the  objec- 
tions of  nine  nonresident  landowners  whose  attitude  in  a  way  seems  now 
to  have  forecasted  the  failure  of  the  undertaking.  Still  engaged  in  the 
"bonanza"  grain  growing  of  the  earlier  and  more  remunerative  period 
when  both  yields  and  prices  were  higher,  they  conjured  up  visions  of 
ruin  with  the  bringing  in  of  irrigation  water.  Trrigati(m  would  be  bad 
for  fruit,  they  said.  It  would  even  produce  chills  and  would  be  a 
detriment  to  alkali  lands.  And  besides,  the  irrigation  of  wheat  and 
barle}'  was  not  a  success,  anyway.  All  of  the  lands  included,  they 
averred,  were  not  irrigable  from  th(^  same  source,  the  boundaries  of  the 
difitrift  were  improperly  desciihcJ,  aTid  the  Wright  act  was  unconstitu- 
tional.    Further,  these  objectors  intended  in  the  near  future  to  include 
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their  lands  in  an  irrigation  district  of  their  own  which  would  include 
their  residences  so  that  they,  would  have  a  voice  in  the  proceedings. 
When  election  time  came  the  opposition  mustered  only  51  votes  out  of 
322  and  organization  prevailed. 

Unlike  many  of  the  Wright  districts,  Central  irrigation  district 
started  with  a  relatively  complete  engineering  outline.  The  estimated 
cost  was  $638,900.00,  and  to  meet  this  cost  a  bond  issue  of  $750,000.00 
was  authorized  by  a  vote  of  189  to  36.^  Bonds  to  the  amount  of 
$150,000.00  are  said  to  have  been  sold  for  cash  and  for  a  time  the  district 
had  ample  funds  with  w^hich  to  meet  contract  installments.  The  market 
for  bonds,  however,  soon  became  sluggish,  and  there  were  no  buyers. 
Therefore,  outside  of  small  blocks  given  for  engineering  and  legal 
services,  rights  of  way,  and  preliminary  purposes,  the  balance  of  the 
issue  was  mainly  turned  over  to  the  superintendent  of  construction  by 
nominal  sale  and  by  him  disposed  of  to  contractors  on  the  best  terms  he 
could  get.  In  these  various  ways  a  total  of  about  $570,000.00  of  the 
bonds  were  put  out.  While  the  method  of  financing  construction  that 
was  adopted  carried  the  work  forward  for  a  few  years,  the  time  came 
when  contractors  would  no  longer  accept  the  bonds,  and  in  order  to 
bolster  up  the  market  a  special  report  on  the  project  was  made  in  1891 
by  a  consulting  engineer  of  wide  reputation  who  was  then  largely 
engaged  in  reporting  favorably  on  California  irrigation  districts.  The 
district  still  remained,  however,  in  financial  distress,  the  opposition  con- 
tinuing their  fight  against  it.  In  October,  1893,  in  order  to  clear  up 
le^ral  uncertainties  and  thus  to  stimulate  bond  sales,  the  district  board 
brought  confirmation  proceedings  under  the  then  recently  enacted 
statute  permitting  such  proceedings.  The  superior  court  granted  the 
confirmaticn  sought  by  the  directors  but  the  old  opposition,  now  ninety- 
one  strong,  appealed  to  the  supreme  court  and  finally  succeeded  in 
obtaining  a  decision  that  the  organization  proceedings  of  the  district 
were  illegal  and  null  and  void.^  In  a  previoiLs  case"*  Central  irrigation 
district  had  been  upheld,  but  on  other  grounds,  the  correctness  of  which 


'In  1891  the  pstimated  cost  was  raisod  by  the  consulting  engineer  to  $^40,964, 
and  an  additional  bond  issue  of  $250,000  recommended.  The  justification  for  thU 
increase  was  said  to  lie  in  the  omission  of  allowances  for  orfcanization,  rights  of 
way,  and  liti/^ation  in  connection  with  construction,  the  three  items  amounting  to 
$1.S1,0(X>;  in  an  increase  in  the  cost  of  excavation  from  8.5  and  8.75  cents  per  cubic 
yard  under  the  first  contracts  to  1.S.5  and  15.5  cents  in  1801,  and  to  unexpected  and 
excessive  costs  of  rijjhts  of  way,  in  one  case  reachinpj  as  high  as  $212  per  acre,  with 
the  usual  rates  .$50  to  $70  per  acre. 

-7/1  re  Ocnfral  fniffution  Diktrut,  117  ('al.  .'^S2. 

^('vuirul  Irriffation  District  vs.  Jtr  ljai)i)r  rf  «/.,  71)  Cal.  351.  In  this  case  man- 
damus was  sought  to  compel  the  secretary  of  the  district  to  sign  the  bonds,  one 
of  the  property  owu(»rs  of  the  district  beinj;  allowed  to  intervene.  A  number  of 
objections  to  tlie  district  were  raised,  includiug  objections  to  the  description  of  the 
district  in  the  urKanization  petiti<m,  to  the  form  of  the  bond  filed  by  the  petitioners, 
to  the  manner  of  publishiuj:  the  petition,  to  modifications  in  the  district  boundaries 
made  by  the  supervisors,  to  the  manner  of  publishing  the  proclamation  of  the  organi> 
zatiou  election,  to  the  time  of  establishing  the  voting  precincts,  and  finally  to  the  form 
of  the  bonds.  All  of  these  questions  were  decided  favorably  to  the  district  both  in 
the  lower  court  and  on  appeal. 


Fit-  I' — Puinpioi  PI«Dt  of  Saeramcnlo  Villcir  Irtigitloa  Compinjr  it  head  of  Central  CanaL 
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was  not  questioned  in  the  later  case.  The  main  points  of  the  later 
decision  were  that  the  organization  petition  of  1887  was  not  properly 
signed,  and  that  the  signers  of  an  organization  petition  must  he  bona  fide 
owners  of  agricultural  lands  desiring  to  improve  their  lands  by  irriga- 
tion, and  not  merely  the  owners  of  town  property  and  lots,  as  was  the 
case  with  many  of  the  signers  of  the  Central  irrigation  district  petition. 
While  holding  that  bond  sales  made  subsequent  to  this  decision  would 
be  null  and  void,  the  validity  of  bonds  already  issued  was  not  considered. 
In  conformity  with  the  decision  the  matter  went  back  to  the  lower  court 
and  the  new  decree  of  the  lower  court,  rendered  March  1,  1902,  was 
never  appealed. 

The  adverse  decision  of  the  supreme  court  above  cited  put  an  end 
for  all  time  to  any  thought  of  continuing  the  old  undertaking,  and  out- 
side of  a  brief  formal  activity  in  1902  and  1903,  for  the  purpose  of  leas- 
ing Central  canal,  no  effort  has  been  made  to  revive  the  old  organization. 
Work  on  the  system  had  practically  ceased  by  1891.  At  that  time,  while 
about  40  miles  out  of  a  total  of  61.35  miles  of  main  canal  planned  had 
been  built,  the  system  was  not  continuous  and  so  could  not  be  utilized ; 
nor  had  any  headworks  been  constructed,  thus  preventing  the  running 
of  water  in  the  portion  of  the  canal  that  was  ready  to  receive  it.  The 
leasing  of  Central  canal  January  6,  1903,  had  for  its  purpose  the  plac- 
ing of  the  old  district  system  in  the  hands  of  interests  that  proposed  to 
utilize  a  portion  of  it  for  conveying  water  to  lands  along  Sacramento 
River  wholly  or  largely  lying  outside  of  the  old  district.  This  lease  was 
made  to  W.  M.  Sheldon  and  was  for  a  term  of  50  years.  Some  years 
previously,  but  after  the  failure  of  the  district,  E.  1).  Beck  with  had 
made  filings  on  Sacramento  River  and  had  planned  to  utilize  a  portion 
of  Central  canal  in  connection  with  his  appropriation.  Lacking  capital, 
he  interested  Sheldon,  and  these  two,  after  the  executicm  of  the  lease 
of  the  canal,  formed  the  Sacramento  Canal  Company,  which  later  was 
taken  over  by  the  Central  Canal  and  Imgation  Company,  and  finally 
by  the  Sacramento  Valley  Irrigation  Company.  From  this  point  for- 
ward the  historv'  of  Central  irrigation  district  becomes  merged  with  the 
history  of  the  Sacramento  Valley  Irrigation  Company  and  of  its  subsid- 
iary, the  Sacramento  Valley  West  Side  Canal  Company.^  When  these 
companies  were  organized  it  was  supposed  that  Central  irrigation  dis- 
trict was  finally  entirely  eliminated,  in  so  far  as  its  legal  existence  was 
concerned.  The  Sacramento  Valley  Irrigation  Comi)any  gathered  up 
most  of  the  widely  scattered  bonds  at  a  cost  to  it  of  35  cents  on  the 
dollar, '  including  aecrued  interest,   and  as  one  of  the  conditions  of 


Through  the  agency  of  these  two  companies  Contrnl  canal  has  been  reconstructed 
and  extended,  water  has  been  made  available  to  approxiraatelyl(X).000  acres  of  land, 
and  a  considerable  irrigation  development,  including  irrigation  by  pumping  from 
we\\B,  has  taken  place.  Settlement,  however,  has  not  progressed  very  rapidly,  and 
further  reorganization,  after  financial  difficulties,  is  now  in  process. 
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options  secured  on  a  large  acreage  of  land  in  the  old  district,  it  agreed 
to  guarantee  lands  not  purchased  under  such  options  against  any  lien  for 
these  bonds.  Later  a  compromise  was  sought  to  be  entered  into  with 
the  landowners  by  which  certain  concessions  should  be  made  to  the  com- 
pany in  rights  of  way  and  certain  other  matters,  in  return  for  the 
destruction  by  the  company  of  all  of  the  old  bonds  held  by  it.  Litiga- 
tion brought  on  by  those  opposing  this  compromise,  however,  has  entirely 
upset  previous  theories  as  to  the  existence  of  the  old  district  and  as  to 
obligations  incurred  by  the  new  company  in  taking  over  the  old  Sheldon 
lease  from  the  district  and  a  congressional  grant  of  a  right  to  divert  900 
cubic  feet  of  water  per  second  from  Sacramento  River  obtained  by  the 
Central  Canal  and  Irrigation  Company  April  16,  1906.  The  final 
decision  in  this  litigation,  rendered  by  the  supreme  court  April  29, 
1915,^  held  among  other  things,  that  lands  within  the  old  Central  irriga- 
tion district  constitute  the  primary  territory  to  which  the  original  public 
use  contemplated  by  the  district  and  by  the  grant  of  congress  extends 
and  continues,  and  that  when  demanded  such  lands  must  be  served  with 
water  from  the  new  system  before  it  can  lawfully  be  taken  for  use  on 
outside  lands.  Thus  at  this  late  date  the  old  district  comes  in  to  com- 
plicate operations  of  the  new  companies  that  were  organized  on  the 
theory  that  the  old  district  w^as  no  longer  of  moment  and  could  not  in 
any  way  limit  the  delivery  of  water  to  the  lands  outside  of  it  purchased 
and  later  largely  sold  by  the  various  companies  succeeding  Sheldon  and 
Beckwith.  An  even  later  decision  of  the  California  Railroad  Commis- 
sion, rendered  June  14,  1*915,  that  holds  the  Sacramento  Valley  West 
Side  Canal  Company  to  be  engaged  in  public  service,  while  not  in  any 
way  affecting  the  old  distritt,  so  changes  the  basis  of  water  distribution 
by  the  new  companies  that  ultimate  entire  reorganization,  probably 
under  one  or  more  new  districts,  now  seems  altogether  probable.^ 

BROWNS  VALLEY. 

Browns  Valley  irrigation  district  w^as  started  and  its  construction 
undertaken  without  adequate  engineering  study.  A  first  issue  of  bonds 
in  the  amount  of  $110,000.00  was  hastily  voted  and  **sold"  to  a  dummy 
purchaser  (said  to  have  been  a  janitor  in  a  San  Francisco  bank)  and 
by  him  traded  to  contractors  at  a  reported  price  of  60  cents  or  less  on 
the  dollar.  A  second  issue  of  $30,000.00  voted  in  1892  was  similarly 
disposed  of,  the  net  result  from  the  two  issues  being  headworks  in  North 
Yuba  River,  nine  miles  of  flume,  twenty-five  miles  of  main  canal,  and 
some  miles  of  laterals.  Instead,  however,  of  having  works  capable  of 
watering  nearly  45,000  acres,  only  about  4,500  acres  could  be  covered, 


^Byingion  et  al.   vs.  Sacramento  Valley  West  Side  Canal  Company  ei  cl.,   148 
Pac.  790. 
'Since  the  above  was  written  appeal  from  this  decision  has  been  taken  to  the 
^^     United  States  court. 
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due  to  the  uneven  character  of  the  ground.  By  the  time  these  works 
were  ready  for  use  legal  and  financial  difficulties  had  come  on.  Taxes 
were  defaulted  and  resisted  in  the  courts  and  while  the  earlier  cases 
taken  to  the  courts  were  won  by  the  district  or  settled  out  of  court, 
lower  court  decisions  rendered  in  1899  held  the  bond  issue  and  all  sub- 
sequent proceedings  relating  to  them  null  and  void.  A  similar  outcome 
attended  confirmation  proceedings  brought  by  the  directors  and  other 
cases  involving  tax  sales,  and  in  1902,  after  the  district  had  been  strug- 
gling along  in  spite  of  all  difficulties  and  adverse  decisions,  and  in  some 
way  getting  a  little  water  to  the  farmers,  an  unsuccessful  attempt  was 
made  through  quo  warranto  proceedings  to  stop  any  further  corporate 
existence  of  the  district,  the  case,^  after  going  to  the  federal  court  on  a 
question  of  constitutionality,  finally  being  dismissed.  Failure  of  the 
district  to  pay  bond  interest  at  last  got  the  bonds  into  the  federal  court, 
where,  on  May  18,  1905,  judgment  was  given  conclasively  establishing 
the  district's  obligation.  After  this  judgment  the  futility  of  further 
opposition  by  the  district  was  clearly  apparent,  and  in  the  following  year 
a  compromise  agreement  with  the  bondholders  was  effected  on  a  basis  of 
30  cents  on  the  dollar  for  both  principal  and  interest.  The  amount 
necessary  to  meet  this  compromise  was  $66,633.10,  involving  a  levy  of 
$21.60  per  $100.00  on  a  total  assessed  valuation  of  $308,500.00.  This 
assessment,  although  voluntary,  was  quite  promptly  paid  by  mast  of  the 
landowners,  and  in  June,  1915,  the  indebtedness  had  been  met  on  the 
30-eent  basis  so  far  as  presented  for  payment.* 

During  the  decade  and  a  half  of  litigation  following  the  construction 
period  in  this  district  little  if  any  attention  w^as  given  to  care  and  opera- 
tion of  the  canal  system,  and  about  the  only  land  irrigated  was  a  little 
at  the  low-er  end.  A  few  years  ago  the  district  entered  into  an  agree- 
ment with  a  power  company,  now  succeeded  by  the  Pacific  Gas  and 
Electric  Company,  under  which  agreement  in  return  for  power 
privileges  on  the  canal,  the  power  company  agreed  to  maintain  the 
system  to  its  original  capacity  without  cost  to  the  district.  Thus  freed 
from  the  burden  of  maintenance,  and  with  the  old  indebtedness  com- 
promised, the  district  took  a  fre.sh  start  and  after  twenty  years  of 
trouble  began  to  realize  something  of  the  original  aims  of  its  organizers. 

TURLOCK  AND  MODESTO. 

These  two  districts  were  the  first  to  be  organized  under  the  Wright 
act.  The  conditions  around  Modesto  which  led  up  to  the  passage  of 
the  Wright  act  have  already  been  referred  to.  Practically  the  same 
situation  existed  around  Turlock,  except  that  a  greater  proportion  of 

^People  «r  reL  Brady  vs.  Browne  Valleu  Irrigation  Distrirt  ei  ah,  110  Fed.  r»35. 
"On  June  9,  1915,  all  but  about  $1,700  of  the  voluntary  levy  had  been  collected 
and  bonds   and   coupons   amounting   to   about   $0,500  were  still    unpresented   for 
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the  votiug  i)opulation  m  IVlodesto  district  tlian  in  TurJoek  district  resided 
in  the  towns.  For  iiLstance,  of  700  who  voted  for  the  formation  of 
Modesto  district,  52G  lived  in  the  town  of  Modesto,  while  of  the  negative 
votes,  only  25  out  of  181  were  east  by  residents  of  ^lodesto.  In  Turloek 
district  organization  was  carried  by  291  to  72. 

The  essential  condition  in  both  of  these  two  districts  was  the  failure 
of  dry  grain  farming  to  continue  a  profitable  industry,  except  on  a 
scale  possible  to  the  large  landowners  only,  and  to  them  it  was  only 
profitable  on  a  greatly  reduced  scale.  Those  who  could  still  be  suc- 
cessful because  of  their  large  acreages  w^ere  mostly  opposed  to  any 
change,  while  those  holding  smaller  farms  and  who  felt  the  pinch  of 
the  decreasing  profits  were  as  a  rule  anxious  for  water.  The  town 
residents  whose  prosperity  depended  on  the  general  prosperity  of  the 
community  could  clearly  see  the  advantage  of  the  more  diversified  and 
intensive  farming  that  irrigation  would  bring. 

Almost  immediately  after  organization  both  Modesto  and  Turloek 
districts  went  promptly  to  work  to  formulate  construction  plans,  and 
as  soon  as  preliminary  surveys  had  been  made  and  reports  based  on 
them  filed  with  the  boards  of  directors,  both  districts  proceeded  to 
vote  what  they  believed  to  be  sufficient  bonds  to  complete  the  systems 
proposed;  and  with  thase  bonds  voted,  both  districts  undertook  at  once 
to  make  final  surveys  and  let  contracts.  From  the  start,  however, 
neither  district  was  able  to  market  many  of  its  bonds  outright  for 
cash,  and  both  sold  them  mostly  through  third  parties. 

It  was  originally  expected  that  these  two  districts  should  obtain 
their  water  supplies  from  different  streams.  Tuolumne  River  was  the 
only  available  source  for  Turloek  district,  but  for  Modesto  district  there 
was  a  choice  between  the  Tuolumne  and  the  Stanislaus,  and  the  latter 
was  first  chosen.  The  advantage  of  both  districts  taking  water  from  the 
Tuolumne  was  soon  apparent,  and  accordingly  they  joined  in  the  con- 
struction of  La  Grange  dam,  which  was  completed  in  December,  1893. 
Before  this  time  the  insufficiency  of  the  original  Turloek  bond  issue 
had  become  evident,  and  a  second  issue  of  the  same  size  as  the  first 
had  been  voted.  The  original  i.ssue  of  Modesto  district  had  been  larger 
and  its  construction  fund  was  not  exhausted  until  the  middle  of  1895; 
l)ut  in  July  of  that  year  a  second  issue  was  voted  there,  also. 

While  both  Modesto  and  Turloek  districts  had  been  organized  by 
ample  margins  over  the  necessary  two-thirds  of  those  voting,  the 
minorities  against  organization  did  not  cease  in  their  opposition.  This 
opposition  mostly  paid  the  first  district  tax  under  protest,  but  their 
next  step  was  to  refuse  to  pay  and  to  seek  injunctions  against  the 
enforcement  of  collections  through  the  tax  sales  provided  for  in  the 
law.  In  both  districts  suits  were  early  carried  to  the  supreme  court 
but  both  were  declared  by  that  court  to  have  been  legally  organized. 
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In  the  case  of  Turlock  district  a  friendly  suit  was  brought  to  test  the 
validity  of  the  Wright  act,  this  being  a  proceeding  to  compel  the  secre- 
tary' of  the  district  to  sign  the  district  bonds.  In  its  decision  given 
May  31,  1888,*  the  court  held  that  the  Wright  act  was  constitutional, 
that  irrigation  districts  formed  under  that  act  were  quasi  public  cor- 
porations in  the  sense  that  the  purposes  for  which  they  were  organized 
were  for  the  general  public  benefit,  and  that  it  was  not  necessary  for 
their  validity  that  the  methods  adopted  for  the  levying  and  collection 
of  assessments  should  follow  exactly  the  mode  provided  in  the  constitu- 
tion for  the  assessment  and  collection  of  taxes  for  general  state  pur- 
poses. The  case  involving  Modesto  district  was  a  petition  filed  in  1889 
to  have  the  proceedings  for  the  issue  and  sale  of  the  district  bonds 
confirmed.^  The  lower  court  had  confirmed  the  organization  of  the 
dLstriet,  and  with  certain  exceptions  its  judgment  was  confirmed. 
Among  other  things,  the  case  involved  the  notice  of  the  confirmation 
proceedings,  the  matter  of  including  the  town  of  ^lodesto  in  the  district, 
the  exclusion  of  18,000  acres  from  the  district  after  the  organization 
and  after  the  decision  of  the  board  of  directors  to  sell  $800,000.00 
in  bonds,  and  the  resolution  of  the  directors  to  sell  $400,000.00  of  the 
bonds  after  changing  the  source  of  supply.  Not  satisfied  with  this 
decision,  the  opposition  appealed  to  the  United  States  supreme  court, 
by  which  the  case  was  finally  dismissed  November  16,  1896.  In  spite 
of  these  two  supreme  court  decisions  upholding  the  districts  and  the 
validity  of  the  Wright  act,  many  decisions  enjoining  the  sale  of  land 
for  delinquent  district  taxes  were  given  in  the  superior  court,  although 
the  first  of  these  were  generally  favorable  to  the  district.  Some  of 
thase  who  sought  relief  from  district  taxes  were  normally  friends  of 
the  districts,  but  in  such  straitened  financial  circumstances,  owing  to 
the  depression  of  the  earlv  nineties,  that  thev  were  readv  to  take 
advantage  of  every  opportunity  to  escape  financial  obligation.  Every 
year  in  Turlock  district  from  1895  to  1900  blanket  or  individual  suits 
against  tax  sales  were  brought  and  temporary  injunctions  obtained,  but 
no  attempts  were  made  to  bring  the  suits  to  final  issue.  In  November, 
1901,  however,  an  issue  was  finally  joined  between  Turlock  district 
and  those  fighting  it  in  the  case  of  Baldwin  ci  ah  vs.  The  Board  of 
Directors  of  Turlock  Irrigation  District  vl  id.  This  case  originally 
involved  merely  a  contest  between  the  taxi)ayers  and  the  district,  but 
later  almost  the  entire  number  of  Turlock  district  bondholders  inter- 
vened to  defeat  the  injunction  prayed  for.  The  decision  of  the  superior 
court  held  not  only  that  there  had  been  no  material  irregularity  in  the 
issuance  of  the  bonds,  but  also  that  those*  in  [)ossession  of  them  were 
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bona  fide  holders  thereof  and  that  hence  the  bonds  were  valid  obliga- 
tions of  the  district,  even  if  there  had  been  irregularity  in  issuing  them. 
This  was  the  last  suit  of  importance  in  which  the  legality  of  Turlock 
district  and  its  obligations  were  involved  and  from  the  time  of  the 
decision  the  people  of  the  diistrict  faced  forward  rather  than  backward. 
During  most  of  the  time  that  Turlock  district  was  involved  in 
litigation  it  had  sought  to  continue  construction  and  when  the  decision 
in  the  Baldwin  case  came,  except  for  two  of  the  main  laterals,  the 
heavy  work  of  construction  was  already  completed,  and  some  water 
was  ready  for  delivery  to  the  district.  This  result  had  not,  however, 
been  accomplished  without  great  effort,  and  without  the  failure  of 
several  contractors  and  very  great  difficulty  in  financing  the  work  under 
way.  In  Modesto  district  there  was  less  work  to  do  and  there  had, 
perhaps,  been  more  rapid  progress  in  the  earlier  years  of  construction. 
By  July,  1895,  the  headworks,  the  flumes  in  the  upper  nine  thousand 
feet,  and  all  earth  work  down  to  the  district  near  Waterford,  a  dis- 
tance of  approximately  twenty  miles,  had  been  completed.  As  in  Tur- 
lock district,  tax  sales  had  been  enjoined  by  the  lower  courts,  but  those 
in  favor  of  the  enterprise  were  able  to  keep  control  and  to  continue 
work  until  the  spring  of  1896,  when  the  opposition  elected  two  members 
of  the  board  of  directors  pledged  to  use  all  possible  effort  to  block 
progress.  Shortly  thereafter  two  of  the  old  members  of  the  board  who 
had  thus  far  supported  the  district  resigned  and  two  new  directors 
were  appointed  who  were  with  the  opposition.  Under  the  rule  of  the 
'*antis'*  all  work  on  the  system  was  suspended  for  four  years  and  no 
assessments  levied  to  pay  interest  on  outstanding  bonds.  A  defense 
association  was  incorporated  to  strengthen  the  opposition,  but  times 
had  improved  and  gradually  sentiment  changed,  and  in  1901  a  new 
board  was  elet^ted  with  at  least  three  members  in  favor  of  going  ahead. 
By  this  time  the  constitutionality  of  the  Wright  act  had  been  upheld 
in  the  Ignited  States  supreme  court^  and  the  opinion  was  growing  in 
the  district  that  there  was  no  escape  from  the  outstanding  obligations. 
The  bonds  of  the  district  were  then  valued  at  about  forty  or  fifty  cents 
on  the  dollar  and  unredeemed  int(*rest  coupons  could  be  purchased  for 
30  per  cent  of  their  face  value.  During  this  gradual  change  in  senti- 
ment some  of  the  l)ondholders  had  sued  in  the  United  States  courts  for 
the  defaulted  interest  and  in  Auj^ist,  1901,  a  deputy  marshal  appeared 
with  a  mandate  from  the  circuit  court  commanding  the  district  to  levy 
an  assessment  to  pay  an  interest  judgment  against  the  district.  With 
the  arrival  of  this  mandate  from  the  United  States  court,  Modesto 
district  found  itself  substantiallv  in  the  same  situation  that  confronted 
Turlock  district  after  the  decision  in  the  Baldwin  case,  and  it  also  set 
about  making  plans  for  reorganization.  As  a  first  step  a  popular  sub- 
scription of  about  .$1,500.00  was  presented  to  the  new  board  of  directors 


^Fallhrook  Irrigation  District  vs.  Bradley,  104  U.  S.  112. 
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for  the  purpose  of  making  su(*h  surveys  ami  studies  as  might  be  neces- 
sary' to  determine  the  cost  of  completing  the  irrigation  system  that  had 
been  started.  In  October,  1901,  plans  for  going  ahead  were  submitted 
and  an  assessment  of  $50,000.00 — the  first  since  1896 — was  levied  for 
the  payment  of  outstanding  interest. 

When  the  Wright  act  w^as  revised  in  1897  a  supplemental  act  was  also 
passed  providing  for  the  funding  of  irrigation  district  indebtedness, 
and  in  the  new  turn  affairs  had  taken  in  Turlock  and  Modesto  districts, 
it  was  clear  both  to  the  districts  and  to  the  bondholders  that  they  should 
proceed  under  this  law.  Accordingly  an  agreement  was  drawn  up 
between  each  district  and  its  bondholders  under  which  the  old  indebted- 
ness should  be  retired  and  a  new  financial  start  made  by  each  district. 
Including  interest  and  principal  on  outstanding  bonds  and  floating 
debts,  the  total  indebtedness  of  each  district  now  reached  approximately 
$1,350,000.00.  To  meet  its  indebtedness  Turlock  district  issued  5  per 
cent  bonds  in  amount  of  $1,082,0C0.00,  or  at  the  rate  of  80.5  cents  on 
the  dollar,  and  in  ^lodesto  district  funding  bonds  were  carried  by  vote 
of  433  to  24,  sufficient  to  pay  the  original  indebtedness  as  it  stood  in 
January,  1902,  on  a  basis  of  dollar  for  dollar,  less  a  refund  to  the 
district  of  five  years*  interest  on  the  funding  bonds. 

From  the  funding  of  their  indebtedness  in  1902,  all  doubt  as  to  the 
future  success  of  Modesto  and  Turlock  districts  disapi)eared,  and  both 
districts  set  resolutely  about  getting  water  to  the  landowners.  Having 
its  principal  work  already  completed  when  the  compromise  was  effected 
with  the  bondholders,  Turlock  district  was  already  delivering  water, 
and  within  three  years  water  had  been  carried  to  2().()(K)  acres.  Modesto 
district,  however,  had  first  to  complete  its  system.  In  ]\Iarch  following 
the  compromise  plans  for  building  the  distributing  system  within  the 
district  and  for  repairing  the  upper  works  were  adopted  and  by  July 
contracts  for  all  of  this  work  had  been  let.  Through  the  (cooperation 
of  the  bondholders  and  public-spirited  citizens  within  the  district  neces- 
sary funds  were  raised  and  on  October  6,  1903,  the  work  under  the  last 
contract  wiis  accepted.  Before  the  season  of  1904  was  over,  nearly 
7,000  acres  had  been  irrigated  and  a  start  had  finally  been  made  in 
changing  Modesto  district  to  the  community  of  diversified  farms  ('on- 
templated  when  the  author  of  the  Wright  act  drafted  that  act  fifteen 
years  before. 

POSO. 

Among  the  California  districts  formed  in  a  Ixnui  fide  effort  to  build 
♦'Dtirely  new  irrigation  systems  the  three  whose  histories  have  just  been 
given  were  the  most  conspicncms.  Central  district,  as  was  pointed  out, 
failed  largely  because  decades  ahcjtd  of  its  time,  and  l)eeause  the  larg(»r 
holdings  and  the  larger  rainfall  there  made  dry  grain  farming  still 
profitable  over  a  considera])le  portion  of  the  district's  area.     Turlock 
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and  Modesto  districts,  ou  tlie  otlier  hand,  succeeded  in  spite  of  obstacles 
because  with  their  smaller  rainfall  and  their  smaller  average  holdings, 
the  declining  wheat  market  made  the  old-style  dry  farming  no  longer 
tolerable.  For  all  three  of  these  districts  the  water  supply  was  ample 
and  in  each  there  was  a  sufficient  farming  population  to  be  fairly  rep- 
resentative of  those  to  come.  Poso  district  represented  most  strikingly 
a  third  type  in  this  group,  the  type  that  failed  because  of  physical 
rather  than  of  human  diflScultias.  Probably  no  district  formed  in  a 
well-meant  attempt  to  accomplish  something  was  more  ill-advised  than 
it  was. 

With  all  of  its  40,000  acres,  Poso  district  mustered  only  twenty -six 
voters  at  the  organization  election,  and  with  these  twenty-six  voters  the 
wish  for  a  water  supply  was  entirely  the  father  of  the  effort  to  obtain 
it.  Even  a  half -mill  ion  dollar  bond  issue  was  voted  without  any  prior 
surveys  or  engineering  estimates.  Then  engineers  were  employed  and 
a  ditch  system  laid  out,  and  so  hopeful  were  the  people  that  they  issued 
a  glowing  prospectus  setting  forth,  among  other  things,  that  the  district 
had  **an  undisputed,  ]>ountiful,  invaluable  water  supply,  perfectly 
j)ractical  j)roject,  planned  for  the  procurement  of  the  same;  ample 
storage  facilities,  economical  system  for  distribution,  first-class  drain- 
age, rich,  deep  soil,  and  unexcelled  climate."  The  eoimty  assessment 
roll,  when  the  district  was  organized,  gave  the  district  lands  a  value  of 
$502,000.00,  but  the  district  looked  into  the  future  and  claimed  a  value, 
without  improvements,  **when  the  district  works  are  completed,"  of 
eight  times  that  amount. 

The  water  supply  for  Poso  district  was  to  come  from  Poso  Creek  and 
the  proposed  works  included  a  masonry  dam  40  feet  high,  a  2.5-mile 
all-rock  cut,  94  miles  of  canal,  and  two  reservoirs,  together  holding 
"2,647  millicn  gallons,"  "sufficient  for  ample  irrigation  of  the  district." 
After  using  i}>()(),0()().()0  of  the  bor.ds  fr)r  miscellaneous  purposes  the  dis- 
trict agrecul  to  turn  over  the  remaining  $440,000.00  to  contractors  for 
a  completed  system  of  works,  to  be  finished  within  one  year.  Under  this 
arrangement  an  inferior  dam  of  some  sort  was  constructed,  alvSO  several 
miles  of  wooden  flume,  and  a  large  canal  was  carried  out  some  distance 
into  or  toward  the  district.  No  record  has  been  found  of  the  exact 
amount  of  the  bonds  that  were  actually  disposed  of,  but  it  is  presumed 
that  most  of  them  were,  when  finally  it  dawned  upon  the  people  who, 
without  any  experience  either  in  in'igation  or  in  large  financial  affairs, 
had  rushed  into  the  enterprise  with  a  blind  enthusiasm,  that  the  water 
supply  in  Poso  Creek  wa.s  wholly  iiiadeciuate  for  their  needs  and  totally 
undependable.  When,  in  the  niidst  of  their  disappointment  over  the 
failure  of  the  water  supply,  an  unexpected  freshet  carried  out  their 
dam,  tlie  enterprise  utterly  collapsed. 
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Few  of  the  old  irrigation  districts  were  involved  in  more  litigation 
than  was  Poso  district.  The  organization  of  the  district  and  the  bond 
issue  had  been  confirmed  shortly  after  the  bonds  were  voted.  Several 
of  the  cases  that  went  to  the  higher  courts  resulted  in  interpretations  of 
the  Wright  act  that  had  not  yet  been  made.  One  of  the  decisions  in 
these  cases  held  that  confirmation  proceedings  would  estop  an  attack 
on  the  legality  of  an  organization  and  of  a  bond  issue  confirmed,  or 
in  other  words,  that  judgment  in  confirmation  proceedings  is  binding 
on  all  the  world  until  reversed  on  appeal  or  set  aside  by  some  direct 
proceeding  instituted  for  that  purpose.^  In  another  of  these  cases  it 
was  held  that  public  lands,  of  which  the  district  was  in  considerable 
part  made  up,  could  not  be  included  in  an  irrigation  district,  that 
neither  the  state  nor  its  agencies  could  impose  assessments  thereon,  and 
that  the  sale  or  patent  thereof  after  issuance  of  bonds  could  not  operate 
to  charge  the  land  with  any  pre-existing  liability  not  assented  to  by 
the  government  or  its  grantee.^  In  a  federal  court  case  brought  to 
mandmnits  the  supervisors  of  Kern  County  to  levy  an  assessment  to 
cover  an  interest  judgnjent,  the  mandamus  was  allowed  and  later 
confirmed.^ 

In  spite  of  the  failure  of  the  irrigation  works  undertaken  by  Poso 
district  and  the  abandonment  of  tli(»  district  enterprise  the  lands 
included  in  the  old  district  have  gradually  increased  in  value  and  tlie 
owners  of  these  lands  have  long  realized  that  some  kind  of  a  settlement 
must  some  day  be  made  with  the  bondholders.  This  settlement  is  now 
in  course  of  consummation,  an  investment  company  whicb  has  acquired 
most  of  the  old  bonds  having  offered  in  connection  with  a  title  insurance 
company  to  insure  lands  in  the  district  against  liability  on  account  of 
the  old  bonds  on  payment  of  $11.00  per  acre,  or  a  little  less  than  the 
original  bonded  indebtedness  exclusive  of  interest.  While  only  a  few 
hundred  pcres  included  within  the  old  district  are  now  being  watered, 
up  to  November,  1914,  settlements  had  been  effected  on  the  above  basis 
covering  16,715  acres. 

ESCONDIDO   AND  OTAY. 

The  Wright  act,  as  has  already  been  indicated,  was  an  outgrowth  of 
eonditions  in  Sacramento  and  San  Joaquin  valleys  under  which  the 
larger  riparian  owners  and  the  largf^r  landowners  were  holding  back 
irrigation  development.  Almost  as  soon  as  the  act  was  passed,  how- 
ever, other  communities  recognized  in  it  a  means  of  irrigation  organiza-. 
tion  of  wide  application.  As  the  succeeding  pages  of  this  historical 
sketch  will  show,  the  southern  counties  of  the  stat<'  most  largely  under- 
took to  utilize  the  act,  thirty  of  the  forty-nine  districts  organized  having 


^Crall  vs.  Bfjard  of  Direr iom  of  /*oso  Tnifintion  DiMfrirt,  S7  ('a I.  140. 
^Xf'vada  National  Bank  of  San  Franvinco  vs.  Poho  frrif/aiion  DiHtrivt,  140  Cal.  ♦*M4. 
"'Nevada    National   Bank    of   San    FranciHco   vs.    Board   of   Su per i:^i urns    of   Krrn 
County  et  a/.,  91  Pac.  122. 
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been  in  counties  south  of  Tehachapi.  Of  these  thirty  southern  districts 
six  were  formed  in  what  now  constitutes  San  Diego  County,  and  of  these 
six,  Eseondido  and  Otay,  among  those  that  seem  to  have  had  at  least 
some  justification,  are  of  most  interest. 

Both  Eseondido  and  Otay  districts,  although  considerably  larger  than 
they  should  have  been,  began  with  sufficient  available  water  to  justify 
irrigation  development.  Both  were  mainly  started  by  the  smaller  land- 
owners and  openly  or  tacitly  opposed  by  the  larger  ones.  In  Eseondido, 
which  contained  the  larger  population,  energetic  effort  carried  the 
enterprise  all  but  to  success,  in  the  face  of  the  bitterest  and  most  vicious 
opposition.  In  Otay,  on  the  other  hand,  discouragement  came  when  the 
astimated  costs  were  made  public,  and  constructive  activity  soon  ceased.^ 

Eseondido  irrigation  district  was  in  the  first  instance  undertaken  with 
but  little  open  opposition,  onh^  fifteen  votes  having  been  cast  against 
organization.  About  one-half  of  the  land,  however,  was  still  owned  by 
Eseondido  Land  and  Town  Company,  from  which  most  of  the  residents 
of  the  district  had  previously  purchased.  With  only  ''fifty  or  a 
majority  of  the  holders  of  title,  or  evidence  of  title,''  to  the  lands  to 
be  included  necessary  to  initiate  a  district,  it  was  possible  to  get  started 
without  the  acquiescence  of  the  Land  and  Town  Company,  and  the 
laying  out  of  an  irrigation  plan  and  the  issuance  of  bonds  to  carry  it 
through,  and  also  the  construction  of  sufficient  part  of  the  system  to 
irrigate  about  1,000  acre.s,  seem  to  have  been  accomplished  without 
great  difficulty.  But  the  smoldering  opposition  grew  along  with  a 
realization  that  the  system  planned  was  insufficient  to  water  all  of  the 
irrigable  lands  of  the  district.  The  first  real  trouble  came  when  interest 
on  the  bonds  was  due,  the  Land  and  Town  Company  refusing  to  pay  its 
district  assessments,  amounting  to  about  $11,000.00  per  year,  and  others 
following  its  example.  Every  effort  was  made  by  the  opposition  to 
dishearten  the  ])eople  and  by  discouraging  prospective  land  buyers,  to 
reduce  tlie  ability  of  the  smaller  landowners  to  meet  their  district  taxes 
and  thus  increase  the  growing  spirit  of  repudiation.  Bond  issues  aggre- 
gating $350,000.00  had  been  voted  and  sold  through  the  contractor  at 
90  and  91  and  about  $320,000.00  had  been  expended  for  construction 
and  water  rights.-  With  this  money  spent  and  interest  constantly 
accruing,  and  with  the  larger  landowners  refusing  to  pay  district  taxes, 
the  failure  of  the  enterprise  was  inevitable.     While  a  few  of  the  land- 


'The  aroa  iuchulpd  in  Otay  district  was  44,(KlO  a(M"os,  mostly  of  tbe  rolling?  charac- 
ter so  lnr2«»ly  usod  in  ritrrs  ciiltiuv.  Whrn  the  district  was  formed  it  was  thought 
that  $.")  ]wr  aero  won  Id  provide  a  water  snjiply,  Moreno  i*eservoir  beinp  planned  as 
the  source.  The  engineer's  estimate  for  the  cost  was  if  1  ,L'00,()00.  or  about  $27  per 
acre.  The  engineer's  report  expressed  confidence  that  the  sum  siipcested  would 
"provide  for  the  district  so  abundantly  as  to  brinp  to  it  a  degree  of  prosperity*' 
that  wculd  permit  it  "to  afford  any  further  refinement  in  distribution  cr  amplification 
of  capacity  or  supply  that  may  be  found  necessary  or  desirable.** 

"Tie  actual  pri(('  said  to  have  been  paid  by  tiie  real  bond-buyer  to  the  contractor 
wjis  75. 
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owners  paid  their  taxes  in  full  even  up  to  the  time  of  disorganization, 
most  of  them  ceased  paying  after  the  second  and  third  years.  In  order 
to  secure  its  two  bond  issues  the  district  executed  trust  deeds  conveying 
the  whole  water  system  to  a  trustee  and  in  default  of  interest  the 
trustee  had  taken  over  the  system  and  was  operating  it  on  water  tolls, 
although  he  was  estopped  from  foreclosure  and  sale  of  the  system  by 
supreme  court  decision  holding  the  trust  deeds  invalid.^  After  a  long 
period  of  depression,  during  eight  years  of  whit^h  it  is  said  not  a  house 
was  built  in  Escondido,  an  agreement  was  secured  with  the  principal 
bondholders  by  which,  for  a  consideration  of  $200,000.00,  with  interest 
from  the  date  of  the  agreement,  the  old  debt  then,  counting  interest, 
amoimting  to  something  over  $500,000.00,  was  to  be  canceled.  Of  this 
$200,000.00  consideration  $50,000.00  was  to  be  used  to  repair  parts  of 
the  system  so  that  by  getting  water  certain  of  the  landowners  who  had 
previously  held  out  would  be  ready  to  join  in  the  proposed  settlement. 
To  carrj-  out  the  settlement  the  Escondido  Mutual  Water  Company  was 
organized,  each  landowner  taking  stock  at  one  dollar  per  share  in  pro- 
portion to  his  individual  quota  of  district  indebtedness.  With  this 
accomplished  the  district  was  disorganized,  and  in  the  midst  of  great 
rejoicing  the  bonds  were  burned  September  9,  1905.- 

The  human  situation  in  Otay  district  was  wholly  diffen^nt  from  that 
in  Rsccmdido.  Opposition  at  Otay  was  active  from  the  beginning  and 
is  said  to  have  been  led  by  a  defeated  candidate  for  the  first  board  of 
directors  and  by  owners  of  hillside  vineyards  who  did  not  want  irriga- 
tion, as  well  as  by  a  number  of  vegetable  growers.  The  district  got  into 
trouble  at  once  through  mismanagement.  A  bond  election  that  had 
been  proposed  was  stopped  when  the  estimate  of  the  engineer  who  had 
been  employed  indicated  that  the  co.st  of  works  would  be  much  larger 
than  anticipated.  Shortly  thereafter  the  directors  undertook,  without 
a  special  election,  to  levy  an  assessment  of  $9,000.00  to  pay  outstanding 
debts  and  continue  the  organization  for  another  year,  but  on  appeal  to 
the  courts  the  assessment  was  held  invalid.*'^  In  the  meantime  a  portion 
of  the  assessment  had  been  collectcHl  but  the  district  collector  refused 
to  turn  the  amount  collected  over  to  the  treasurer,  resulting  in  a  suit 
against  the  collector  for  embezzlement  of  funds,  and  in  another  supreme 


^Mrrchnnifi  yationni  Bank  of  Snn  Dicfjo  vs.  HMcondid)  Irriffntion  Distrirt,  144 
Cal.  329. 

'One  of  those  tnoAt  active  in  snjiportiim  tho  distrirt  nnd  tiiinlly  in  ro-orjranizinc  it 
on  the  basis  of  a  mutual  water  company  recently  stal«»d  that  there  was  absolutely 
no  excuse  for  the  district  not  succeedinsr.  Tlie  sanu»  water  supply  is  now  us«'d  and 
the  dam  in  Von  Ser^fern  Tan  von  above  Escondido  is  no  higher  than  it  was  when  tlie 
district  was  orj^anized.  While  the  mutual  water  company  has  made  some  improve- 
ments in  the  system,  there  is  but  little  more  laud  irrigated  now  than  before  the  district 
disonranized.  It  is  clear,  however,  that  the  mutual  water  company  plan,  under  which 
the  cost  of  irrigation  is  borne  by  thoso  tisinp  the  water,  is  fairer  to  all  concerned  than 
the  old  district  embracing  such  a  larpe  area  for  which  no  water  was  available. 

^Woodruff  et  ah  vs.   Pcrni  et  aL,  l(l.'5  Cal.  (HI. 
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court  decision.^  A  third  supremo  court  ease  involving  Otay  district 
was  that  of  Decker  vs.  Perry,'-  l)ut  no  important  questions  were  involved. 
In  spite  of  the  litigation  the  district  directors  continued  to  meet  and 
before  a  majority  had  been  elected,  pledged  ^*with  God's  help,"  to  wind 
up  the  affairs  of  the  district;  they  had  voted  themselves  mileage  and 
salaries  amounting  to  over  $2,500.00  and  had  contracted  debts  consider- 
ably exceeding  that  amount.  On  November  14,  1894,  a  vote  was  carried 
to  petition  the  superior  court  for  dissolution,  but  this  was  prevented  by 
the  unpaid  creditors,  for,  although  their  claims  had  outlawed,  and  were 
no  longer  good  in  law,  the  court  held  that  they  still  constituted  claims 
in  equity  which  would  estop  disorganization.  With  the  exception  of 
brief  activity  in  1910,  when  a  new  board  of  directors  was  appointed  by 
the  supervisors  of  San  Diego  County,  and  the  land  later  included  in 
San  Ysidro  district  was  petitioned  out,  Otay  district  has  had  no  activity 
since  then,  and  the  district  is  still  a  legal  entity. 

NONSPECULATIVE  DISTRICTS  PORMED  WhOLI.Y  OR  LARGELY  FOR  REORGAN- 
IZATION OR  Improvement  of  P]xisting  Systems. 

Of  the  eleven  districts  placed  in  this  group,  a  number  went  through 
experiences  of  considerable  interest.  Happy  A^alley  district  was  unim- 
portant and  was  soon  abandoned,  a  small  cooperative  company  taking 
over  the  private  system  the  district  was  formed  to  take  over.  Santa 
Gertrudes  district  was  mainly  formed  as  a  means  of  financing  the  con- 
stniction  of  a  pipe  line  to  replace  a  leaky  flume.  No  one  volunteered 
to  take  the  $55,000.00  in  bonds  they  voted,  and  while  the  district  was 
waiting  for  something  to  turn  up.  it  lost  through  nonuse  the  w^ater 
right  it  started  with.  Selma,  Vineland,  Glcndora  and  Strong  are  cov- 
ered in  the  footnote.*^     Of  the  remaining  five  in  this  group,  Alta,  Tulare, 


^Pvrrti  vs.  Otay  Jnujntion  Distn'rt  rt  al.,  127  Cal.  .'Wi.'). 

*101  (Jal.  unreported  oases, 

■'.sV7wfi. — For  some  time  prior  to  the  formation  of  this  district  there  had  been 
water-right  troubles  along  lower  Kings  River,  chiefly  involving  claims  of  lower 
riparian  owners.  As  a  result  the  farmers  under  Fowler  Switch  and  Centerville 
and  Kingsburg  canals  found  themselves  threatened  with  water  shortage.  To  better 
their  situation  thej-  organized  under  the  Wright  act,  including  about  200.000  acres  in 
their  district,  and  from  reading  such  records  of  the  old  district  as  are  available  it 
would  seem  to  have  been  their  intention  to  overcome  the  riparian  owners  almost 
regardless  of  how  they  should  do  so.  Apparently,  also,  the  farmer  stockholders  in 
Fowler  Switch  and  Centerville  and  Kingsburg  canals  were  quite  willing  to  exchange 
their  shares  for  district  bonds,  and  at  a  sufficiently  high  price  to  arouse  some  local 
criticism.  Ileal  activity  in  the  district,  however,  did  not  last  long,  for  attempts  to 
vote  large  bond  issues  failed  twice  in  ISIK)  and  again  in  ISOl.  Still  those  holding  to 
the  district  idea  continued  the  orsanization  and  succeeded  in  carrying  assessments  for 
a  number  of  years,  but  api)arently  without  accomplishing  anything  and  with  no  clear 
I)urpose  in  view.  Ultimately  Fowler  Switch  and  CVnterville  and  Kingsburg  canals 
passed  into  individual  owncrshij)  under  which  they  were  operated  on  a  water-right 
basis,  and  later  passed  into  control  of  the  Consolidated  Canal  Company,  which  unite<I 
in  one  control  the  ai)proi)riation  and  ri|)arian  interests  that  had  been  in  controversy. 
As  early  as  1801  an  attemy)t  hnd  been  piade  through  quo  irarranto  proceetlings  to 
have  the  district  disorganized,  both  because  it  had  failed  to  use  the  privileges  and 
rights  for  which  organized  and  because,  in  spite  of  the  repeated  decisions  of  thcr 
voters  not  to  issue  bonds,  the  salaries  of  offictM's  were  still  being  paid  by  means  of 
assessments.  The  interesting  phase  of  this  attempt  was  the  decision,  affirmed  by  the 
supreme  court   {People  vs.  Sclma  Irrigaiion  District,  OS  Cal.  206)   that  the  Wright 
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and  Walnut  are  now  active  and  their  histories  are  therefore  of  some 
present  importance.  Madera  and  Anaheim  districts  both  failed  early, 
but  because  a  new  district  is  now  proposed  for  Madera,  and  because 
Anaheim  was  one  of  the  most  worthy,  of  the  eiTorts  under  the  Wright 
act  that  did  not  succeed,  and  also  because  the  old  Anaheim  district  was 
thoroughly  typical  of  an  important  stage  of  general  irrigation  develop- 
ment in  California,  these  two  districts,  alcng  with  the  three  that  are 
still  active,  warrant  fairly  full  consideration. 

MADERA. 

The  history  of  this  district  has  added  inten^t  because  of  the  likelihood 
that,  although  the  old  district  failed  and  was  disorganized,  the  district 
form  of  organization  is  finally  to  prevail  in  the  Madera  community. 

act  made  no  provision  for  judicially  dissolvinj;  a  district  and  that  the  court  was  with- 
out power  to  act.  This  decision  led  to  the  act  of  190:5  providing  for  such  dissolution. 
(Statutes  1003.  chapter  V.  S!ee,  aho,  amendments  Statutes  lOOS.  chapter  91; 
Statutes  1011,  extra  session,  chanter  20,  and  Statutes  1018.  chapter  3J).) 

VineUind. — ^This  was  a  small  district,  the  first  of  twelve  organized  in  Los  Angeles 
County,  and  is  interesting  both  l)ecause  of  its  jiresent  ])rol)lematical  status  and 
Iiecause  it  indicates  something  of  the  handicap  involve<l  in  uncertainty  over  water 
rights  and  in  the  lack  of  state  regulation  of  water  appropriations.  The  community 
that  organized  the  district  had  been  using  some  water  from  San  (Jabriel  Uiver,  but 
increased  diversions  above,  at.Covina.  Azusa,  and  Duarte.  had  reduced  their  supply. 
Bond  issues  amounting 'to  ^f)2,(M)0  were  utilized  in  purchasing  water  rights,  in  boring 
a  3,000-foot  tunnel  under  the  San  (iabriel.  and  in  constructing  a  cement-lined  and 
|>i|>e  distributing  system,  both  legal  and  engineering  advice  having  guided  the  district 
m  all  they  undertook.  The  tunnel  under  the  San  (Jabrlel,  however,  was  so  located 
as  to  withdraw  water  that  otherwise  would  have  passed  on  to  the  upper  communities 
and  on  suit  by  them,  affirmed  by  the  supreme  court  (  VinvUntd  /rrif/ation  Diatrivt  vs. 
Azuna  Irrigaling  Co.,  VH\  Cal.  48(i>  they  were  held  to  have  rights  superior  to  the 
district.  Fortunately,  prior  to  this  decision  the  district  had  entered  into  agreement 
with  a  power  company  under  which,  in  return  for  the  district  ceding  to  that  company 
whatever  rights  it  might  have  in  San  (Jabriel  Kiver.  the  power  company  was  to 
install  a  pumping  plant  in  the  district  and  furnish  power  for  its  operation.  Under 
this  agreement  a  well  was  developed  giving  about  1<K>  incht»s  of  water  (two  cubic 
feet  per  second)  so  that  the  di.^tri<'t  got  something  for  its  effort  and  for  the  bond- 
buyers'  money  it  spent.  Since  1SJ)4.  however,  the  district  has  defaulted  in  interest 
payments  and  so  far  as  can  be  learned  has  done  nothing  in  satisfaction  of  the  bonds. 
which  came  due  in  1010.  The  pumping  plant  (which  has  since  been  changed  to  a 
steam  plant  operated  by  the  district)  was  managed  under  the  district  organization 
for  a  number  of  years,  but  being  somewhat  unsatisfactory,  and  irrigation  districts 
by  that  time  having  come  into  rather  bad  repute,  the  board  of  directors  resigned  and 
no  one  voted  at  an  election  called  to  select  successors.  The  former  secretary  has 
continue<l  in  possession  of  the  records  and  on  advice  of  attorneys  the  treasurer  lias 
continued  to  hold  a  balance  of  about  $l.r><M)  collected  by  assessment  before  the  district 
was  abandoned.  From  time  to  time  interest  coupons  have  been  presented  for  pay- 
ment, but  this  has  l)een  refused  by  the  treasun^r.  he  holding,  on  advice,  that  he  could 
not  make  payment  without-  giving  preference  to  some  of  the  claimants,  and  that  he 
was  authorized  to  pay  out  the  money  only  (in  warrant  from  the  district.  Other  than 
the  case  above  referred  to  the  district  has  not  been  involved  in  important  litigation. 
Several  suits  were  brought  to  annul  tax  sales  by  the  district  and  to  declare  the  bonds 
void.  In  two  of  these  cases  (i;{<;  Cal.  is."j,  144)  Cal.  87r»)  bondholders  intervened. 
In  the  former  case  it  was  found  that  tlie  bonds  of  the  district  were  legally  issued  and 
that  the  tax  sales  in  question  were  valid  :  in  the  latter  case  the  action  was  dismissed. 
f>ne  suit  was  brought  in  IIM'3  to  compel  payment  of  bond  coupons  amounting  to 
^lA'j^J.  but  this  was  dropped  on  stii)ulation  to  resume  after  ten  days'  notice.  It  is 
said  that  about  2,000  acr<»s  is  now  being  irrigated  in  the  district,  of  which  about 
l.i>00  acres  receives  water  from  the  well  owned  i)y  the  district.  The  water  is  handled 
by  a  local  unincorporated  co-ojierative  company. 

Ok'fidora. — ^This  district  was  formed,  almost  unanimously,  to  take  over  the  Cileu- 
dora  Water  Company,  its  organizers  having  mainly  been  landowners  who  had 
expectwl  to  obtain  water  frcm  (ilendora  Water  Company,  but  which  that  company 
seemed  unable  to  provide.  Agreement  for  the  purchase  of  the  (Jlendora  system  was 
<-nt*»re<l  into  before  the  district  was  fr>rme<l  and  it  was  intended  also  to  develop  water 
from  tunnels  back  of  Claremont.  Misiinderstanding  in  interpreting  the  agreement 
with  the  Glendora  company  result^nl  in  that  company  actively  opposing  confirmation 
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Madera  district  was  formed,  and  later  voted  an  $850,000.00  bond 
issue,  almost  unanimously.^  Oppasition  developed,  however,  as  soon  as 
confirmation  proceedings  were  started.  The  superior  court  confirmed 
both  the  organization  and  the  bond  issue,  but  an  appeal  was  taken  by 
the  larger  landowners  and  the  case  sent  back  to  the  lower  court  for  a 
new  trial.-  The  attack  on  the  organization  concerned  the  validity  of 
the  organization  petition  and,  in  addition,  the  constitutionality  of  the 
Wright  act  was  again  attacked.  Although  deciding  against  the  district 
in  the  matter  of  confirmation,  the  supreme  court  quite  exhaustively 
reviewed  and  affirmed  its  previous  decisions  upholding  the  act.^  Before 
this  litigation  was  started  the  district  had  agreed  on  a  plan  of  w^orks 
estimated  to  cost  $470,000.00,  and  steps  had  been  taken  to  acquire  the 
beds  of  Summit,  Highland,  Kellogg,  and  Shadow  lakes,  which  it  was 
proposed  to  use  for  reservoirs.  With  a  view  to  purchasing  the  system 
of  the  Madera  Canal  and  Irrigation  Company  the  district  had  caused 
a  valuation  of  the  property  of  that  company  to  be  made,  and  proposed 
to  purchase  it  for  $100,000.00  in  district  l)onds  at  par,  but  a  definite 
offer  either  was  never  made,  or  was  not  accepted.  While  the  succes- 
sive boards  of  directors  continued  their  efforts  in  behalf  of  the  district. 


of  the  district  and  of  its  $170,000  bond  issue.  The  lower  court  confinned  the  district 
and  the  bonds  but  after  appeal  to  and  subsequent  rehearing  by  the  supreme  court  the 
lower  court  was  reversed  (Cullen  ef  ah  vs.  Ohndora  Water  Company,  113  Cal.  503) 
"for  the  reason  that  the  board  of  directors  of  the  Glendora  irrigation  district  made 
no  estimate  of  the  amount  necessary  for  any  purpose"  before  calling  the  bond  elec- 
tion. Among  other  points  decided  was  one  that  where  tlie  supervisors  had  ordered 
the  election  of  directors  at  large  it  was  not  necessary  to  provide  more  than  one  pre- 
cinct in  the  election.  Even  before  the  decision  in  this  case  in  180G,  the  district  plans 
had  been  practically  abandoned  and  a  mutual  water  company  organized.  The  entire 
area  within  the  old  district  boundaries  is  now  irrigated  by  the  mutual  company. 

i^tronff. — ^This  district  Mas  unique  in  that  it  was  organized  to  safeguard  a^  water 
supply  already  available  rather  than  to  ac<iuire  a  new  one  or  to  construct  irrigation 
works.  The  lands  embraced  were  part  of  the  ranchito.  near  Whittier,  formerly 
owned  by  Pio  Pico  and,  since  about  18r>5.  served  with  water  from  San  Gabriel  River 
through  Rincon  ditch.  Beginning  about  ISSli.  however,  the  owner  of  Puente  Rancho 
on  which  Rincon  ditch  headed  and  through  which  it  passed,  had  challenged  the  ri^ht 
of  the  lower  users  to  the  ownershii)  of  the  ditch  and  for  a  number  of  years  had 
exacted  rental.  Being  dissatisfied  with  this  arrangement  and  not  having  the  rij?ht 
of  condemnation  as  private  users,  the  irrigators  under  Rincon  ditch  formed  Strong 
irrigation  district  in  the  spring  of  1803  and  in  the  following  year  began  proceedini^ 
for  a  decree  of  condemnation.  That  jiarticuhir  suit  was  not  pressed,  but  another  one 
was  l)rought  by  individual  landowners  in  an  effort  both  to  establish  a  prescriptive 
right  to  the  use  of  the  ditch  and  a  right  to  the  water  carried.  The  lower  court 
decided  favorably  for  the  landowners  {Sirotig  cf  al.  vs.  Baldwin,  137  Cal. -432),  but 
its  decision  was  reversed.  In  the  second  trial,  however,  the  landowners  were  upheld 
both  in  the  lower  court  and  on  appeal  (154  Cal.  150).  Activity  by  the  district  cease<l 
in  ISOS  while  the  litigation  was  still  pending,  but  the  community  has  continued  to 
operate  Rincon  ditch  by  means  of  a  mutual  water  company,  although  as  the  full 
acreage  of  the  district  was  irrigated  when  the  district  was  formed,  there  has  been  no 
increase.  One  of  the  reasons  given  for  letting  the  district  organization  lapse  was 
dissatisfaction  on  the  part  of  some  of  the  users  over  the  levying  of  uniform  assess- 
ments throughout  the  district,  as  provided  for  in  the  Wright  act.  Users  near  the 
head  of  the  ditch  felt  that  they  should  not  be  obliged  to  pay  as  much  for  maintenance 
as  those  further  down.  Under  the  mutual  plan  of  operation  the  ditch  was  divided 
into  three  sections  and  the  charge  made  smaller  at  the  upper  end  and  larger  at  the 
lower  end  than  in  the  central  section. 

'The  vote  on  organization  was  292  for  and  5  against ;  that  on  the  bond  issue,  243 
for  and  7  against. 

'/»  rr  Bonds  of  Madera  Irrigation  Disttrict,  92  Cal,  296. 

'See  Turlock  Irrigation  District  vs.  Williams^  70  Cal.  360,  and  Central  Irrigation 
District  vs.  Dc  Lappc  et  al.,  79  Cal.  351. 
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levying  assessments  for  preliminaty  expenses  in  1889,  1890,  and  1891, 
continued  opposition  of  the  larger  landowners  and  rasnlting  litigation 
finally  discouraged  the  people,  and  after  a  failure  to  compromise  in 
1891,  propositions  to  disorganize  and  to  levy  an  assessment  of  16  cents 
on  each  $100.00  for  clearing  off  all  indebtedness  were  overwhelmingly 
carried,  and  the  district  dissolved  April  18,  1896. 

It  seems  very  evident  that  ]\Iadera  irrigation  district  failed  because 
of  an  effort  to  accomplish  too  much,  seeking  an  ideal  rather  than  the  best 
practicable  syvStem.  When  the  district  was  formed  ^Fadera  Canal  and 
Irrigation  Company  was  irrigating  an  area  since  estimated  at  from 
5,000  to  12,000  acres,  and  5,000  acres  more  or  less  was  receiving  water 
from  White  IIoiLse  Canal,  the  remaining  area  in  the  district  being 
entirely  in  grain  or  pasture.  Yet,  without  the  cooperation  of  the  larger 
landowners,  and  without  reaching  any  agreement  with  thase  holding 
riparian  rights  on  Fresno  and  San  Joaquin  rivers,  the  people  of  the 
to^vn  of  Madera  and  those  holding  tracts  of  20  to  320  acres  surrounding 
it  sought  to  finance  and  organize  an  irrigation  system  larger  than  any 
that  had  ever  been  constructed  in  the  state.  Had  the  people  within 
reach  of  Madera  Canal  been  able  to  concentrate  on  the  purchase  and 
improvement  of  that  canal,  their  condition  would  have  been  very  much 
better  than  it  is  at  present.  As  in  the  case  of  other  communities  which 
attempted  to  operate  under  the  Wright  act,  however,  the  community 
overestimated  their  power  over  the  opposing  and  more  strongly 
intrenched  minority.  The  failure  of  the  earlier  enterprise  has  prob- 
ably decreased  the  supply  from  Fresno  River  to  which  the  Madera 
community  can  maintain  a  claim,  yet  that  failure  should  render  it 
easier  for  the  present  community  to  agree  upon  and  to  carry  through 
a  more  feasible  plan.  During  the  past  few  years  the  (piestion  of  form- 
ing another  irrigation  district  has  again  come  up  and  it  is  again  pro- 
posed both  to  acquire  the  system  of  the  Madera  Canal  and  Irrigation 
Company  and  to  obtain  water  from  San  Joaciuin  River,  partly  by 
storage  above  Pollasky.  While  it  is  planned  in  a  general  way  to  cover 
about  150,000  acres,  the  propasition  to  organize  has  not  yet  b(»en 
sufficiently  worked  out  to  enable  the  community  to  know  just  what  is 
feasible,  nor  have  water-right  questions  on  Fresno  and  San  Joaquin 
rivers  been  sufficiently  cleared  up  to  indicate  what  is  possible  to  the 
proposed  new  district  in  the  way  of  an  undisputed  water  supply.' 


*Sinc«»  the  above  was  first  printed,  Webster  irrigation  district.  coniDrisInp  iri.rMN) 
acres  lylnjr  generally  within  the  proiwsed  new  Madera  district,  has  been  formed.  This 
is  a  pumpinjir  project  from  wells  near  San  Joaquin  River,  and  has  no  connection  with 
the  proposed  lars^er  project. 
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ALTA. 

One  of  the  most  interesting  things  about  this  distriet  is  that  it 
succeeded,  although  with  the  usual  financial  difficulties  before  getting 
securely  on  its  feet,  and  only  after  a  compromise  with  the  bondholders 
and  a  financial  reorganization  in  1902. 

Alta  district  appears  to  have  been  promoted  by  the  '76  Land  and 
Water  Company,  which  had  built  the  '76  Canal,  and  was  already  fur- 
nishing water  to  about  19.000  acres,  selling  water  rights  at  the  rate 
of  $200.00  for  each  40-acre  tract.  Including  the  reimbursement  to 
the  holders  of  water  rights  under  the  canal  for  the  amounts  paid  by 
them  for  water  rights,  the  district  exchanged  $410,000.00  in  bonds 
for  the  '76  system  and  utilized  additional  bonds  to  the  amount  of 
$138,000.00  in  improving  the  old  canal  and  in  building  laterals.  Not 
being  able  to  dispose  of  their  bonds  for  cash,  and  being  advised  by 
their  attorneys  that  they  could  not  exchange  them  for  work,  the  dis- 
trict made  informal  agreements  with  contractors  to  purchase  the  branch 
canals  after  completion  by  them,  the  work  to  be  done  in  a  manner 
satisfactory  to  the  district.  During  the  dark  days  of  the  district  in 
the  nineties,  however,  when  taxes  were  being  contested,  this  novel 
irregularity  in  the  disposal  of  Ixmds  was  the  ground  for  a  superior 
court  decision  August  12,  1898,  that  the  bonds  were  void- because  no 
plan  or  estimate  of  the  cost  of  the  system  of  irrigation  works  was  made 
by  the  directors  before  calling  a  bond  election,  and  because  the  act  of 
the  district  in  surveying  ditches  and  then  having  an  understanding  with 
certain  contractors  that  after  approval  by  the  district  those  ditches 
would  be  purchased  by  it  at  so  much  [)er  cubic  yard  amounted  to  no 
more  than  the  employment  of  the  contractors  to  do  the  work  and  was 
therefore  illegal.*  This  decisi(;n,  which  was  given  in  one  of  the  suits 
brought  by  outside  attorneys  in  their  general  campaign  against  the 
Wright  act,  did  not,  however,  serve  to  invalidate  the  bonds,  but  merely 
added  to  the  unsettled  condition  which  was  not  finally  cleared  up 
until  the  district  and  the  bondholders  agreed  to  a  refunding  of  the 
original  bonds,  of  which  $543,000.00  were  outstanding,  at  a  discount 
of  25  per  cent.  At  the  time  of  this  refunding  landowners  in  the  dis- 
trict signed  an  agreement  not  to  contest  the  new  issue  and  that  issue 
was  confirmed  by  the  superior  court  July  8,  1902.  While  the  district 
failed  to  levy  assessments  for  the  pjiyment  of  interest  in  1898,  1899,  and 
1900,  the  interest  defaulted  in  those  years  was  paid  with  a  discount 


'This  (»aso  was  not  ai)penl(Kl  aud  no  supreme  court  docision  has  been  found  covcrinj 
this  point. 


IRRIGATION  DISTRICTS   IN   CALIFORNIA.  29 

of  25  per  cent  at  the  time  of  the  compromise.  Siuie  the  eompromiHe 
and  refunding  Alta  district  has  been  steadily  ji^oing  forward  and,  as 
shown  later  in  this  report,  is  now  in  a  much  improved  condition.^ 

TULARE. 

The  atfitaticn  that  led  to  the  formation  of  Tulare  irrigation  district 
tfoes  back  to  the  days  preceding  the  passing  of  the  Wright  act  in  1887. 
Several  ditches  had  been  taken  out  «nd  were  intermittently  serving 
the  territory  about  Tulare,  but  the  people  under  them  had  not  fared 
well  and  they  made  up  their  minds  they  could  best  improve  their 
situation  and  circumscribe  lower  riparian  proprietors  through  some 
community  effort.  For  that  reason  they  joined  in  bringing  about  the 
passage  of  the  Wright  aet  and  the  matter  of  organization  was  taken  up 
shortly  thereafter.  At  first  it  was  planned  to  include  all  of  the  land 
south  of  Kaweah  River  between  the  foothills  and  Tulare  Lake  that 
was  irrigable  from  that  river,  in  all  about  210.000  acres.  This  con- 
ception, however,  soon  proved  too  large,  and  after  one  landowTier  after 
another  got  himself  eliminated  the  area  of  the  district  was  finally  cut 
down  to  39,360  acres. 

When  Tulare  district  was  organized  not  to  exceed  3.500  acres,  it  is 
.said,  was  being  watered  from  Kaweah  and  Rocky  Ford  canals.  Bonds 
to  the  amount  of  $500,000.00  were  voted  and  $250,000.(X)  of  these  were 
used  in  the  purchase  of  Settlers  and  Kaweah  canals.  After  building  u 
portion  of  the  main  canal  from  the  proceeds  of  the  $50,000.00  in  bonds 
sold  for  cash,  the  district  contracted  for  the  construction  of  laterals 
and  the  enlargement  and  completion  of  the  main  canal,  paying  for  the 
work  indirectly  in  bonds.  Thus,  the  district  was  able  to  get  started 
in  the  delivery  of  water.  All  of  this  time,  however,  more  and  more 
friction  was  being  developed  and  with  the  panic  of  1893,  when  it  was 
hard  for  farmers  to  get  prices  for  anything,  a  number  of  attorneys 
employed  by  some  of  the  larger  landowners  and  by  landowners  in  other 
districts  with  a  view  to  breaking  down  all  operation  under  the  Wright 
aet,  began  to  arouse  a  feeling  that  the  district  had  been  illegally 
managed  and  that  the  bonds  need  never  be  paid.  The  district  had 
originally  organized  by  a  vote  of  484  to  7,  and  assessments  had  been 
regularly  levied  from  1890  to  1894  and  paid  without  contest.  In  1895, 
however,  few  paid  district  taxes,  for  * 'being  hard  ])ushed  by  the  panic 
the  consciences  of  the  people  were  made  a  little  easy.'*  Returns  from 
the  crops  being  grown,   it  has  hmm  stated,   would  scarcely  pay  the 


'No  rase  involvinfr  Alia  irrijjation  district  is  known  to  hsivr  1mm»ii  cnrrit'd  to  the 
supreme  court  except  ono  invnlviiijr  dainaccs  docidod  against  the  district  in  1910 
<  I/rPhi^son  vs.  Alia  Irrigation  Diairict  rt  al.,  112  Pnc.  IDH).  In  suits  bronffht  in 
the  superior  courts  of  both  Tulare  and  Fresno  counties  property  of  the  district  n<»ws- 
uary  to  the  objects  of  the  district  was  held  not  to  be  taxable  by  the  counties.  Many 
of  the  suits  involving  Alta  irrigation  district  had  to  do  with  water  rights  on  Kings 
Kiver. 
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interest  on  the  bonds,  saying  nothing  of  other  taxes  and  living  expenses. 

While  the  sentiment  for  default  was  growing  in  Tulare  district 
many  of  the  substantial  people  held  strongly  together  for  keeping 
faith  with  the  bondholders.  As  one  has  stated,  **they  had  obtained 
the  money  in  good  faith,  and  had  blown  it  in  good  faith,  and  were 
swamped  in  good  faith,  and  should  settle  in  good  faith  to  the  best  of 
their  ability."  People  holding  that  view,  however,  were  in  a  minority 
and  during  the  agitation  and  the  panic  property  values  within  the 
district  fell  to  almost  nothing.  For  five  years,  it  has  been  stated, 
** nobody  nailed  a  board  on  a  fence  or  planted  a  tree  or  a  vine."  In 
many  instances  crops  were  not  planted,  houses  went  into  a  state  of 
dilapidation,  and  one  bank  and  several  mercantile  establishments  went 
out  of  business.  While  that  state  of  affairs  continued  some  water  was 
kept  running  in  the  ditches,  but  the  district  itself  practically  ceased 
operating.  At  last  it  was  realized  that  the  only  thing  that  could  be 
done  was  to  call  the  creditors  together  and  offer  to  pay  them  as  much 
as  they  could.  After  looking  carefully  into  the  situation  those  who 
were  endeavoring  to  arrange  a  settlement  decided  that  50  cents  on  the 
dollar,  not  allowing  anything  for  accrued  interest,  was  about  all  the 
people  could  afford  to  pay.^  This  basis  of  settlement  was  accepted  by 
the  bondholders  and  $273,075.00  was  raised  in  order  to  carry  it  out, 
some  of  the  opposition  holding  out  to  the  last  hour  during  which 
opportunity  for  such  a  settlement  was  to  remain  open.  On  October  17, 
1903,  Tulare  district  bonds  were  burned  and  from  that  day  the  district 
has  had  no  bonded  indebtedness ;  for,  unwilling  after  their  long  period 
of  trouble,  to  be  subject  to  further  assessments,  it  was  decided  to 
operate  the  system  on  a  purely  tolls  basis.  With  the  exception  of  one 
assessment  for  betterments,  the  district  has  entirely  maintained  itself 
and  operated  its  works  out  of  water  tolls  since  the  compromise. 

From  the  date  of  the  compromise  values  in  Tulare  district  imme- 
diately began  to  return  to  their  former  figure.  District  oflScers  were 
again  elected  and  the  organization  once  more  became  active,  and 
although  now  operating  largely  only  as  a  cooperative  company,  as 
indicated  later,  has  been  active  ever  since.- 


1T1 


The  present  prosperity  of  fanners  in  Tulare  district  prompted  a  banker  of  Tulare 
recently  to  say  that  it  is  no  credit  to  the  people  of  the  district  that  they  settled  at 
fifty  cents  on  the  dollar,  for  if  they  had  postponefl  settlement  a  little  longer  they 
would  have  been  able  to  pay  the  indebtedness  in  full.  liooking  at  the  situation  as  it 
was«!n  the  panic  years  of  the  nineties,  however,  he  considers  that  they  accomplishod 
a  task  that  was  very  much  to  their  credit. 

■Tulare  irrigation  district  had  more  than  its  full  share  of  litigation,  some  forty 
cases  being  on  tih»  in  the  superior  court  of  Tulare  County  up  to  1910.  The  onrani- 
zation  of  the  district  and  the  bonds  were  confirmed  as  early  as  April  2,  iSSHK 
Notwithstanding  this,  the  superior  court  of  Tuhire  County,  in  numerous  suits 
seeking  to  have  the  bonds  declared  invalid  and  lands  released  from  paj'ing  asseKs- 
meuts,  decided  that  the  district  had  been  illegallv  formed  and  that  the  bonds  were 
invalid.  No  record  has  been  found  of  decisions  o^  the  supreme  court  of  the  State  on 
the  legality  of  the  district,  but  in  the  case  of  Shrpard  vs.  Tulare  Irrigation  District, 
first  carried  to  the  federal  courts  in  California  {{H  Fed.  1)  and  finally  to  the  United 
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WALNUT. 

Although  not  fully  representative  of  the  early  irrigation  district 
movement^ — it  contains  only  8693  acres  and  has  never  taken  advantage 
of  the  bonding  provisions  of  the  district  law — Walnut  irrigation  dis- 
trict has  the  unique  distinction  of  never  having  had  financial  trouble 
and  of  having  been  uninterruptedly  successful  from  the  beginning. 

The  district  is  located  near  Rivera,  southwest  of  Whittier.  For  a 
number  of  years  prior  to  organizing  the  community  embraced  had  been 
receiving  water  somewhat  irregularly  from  San  Gabriel  River  through 
Standifer  or  Ranchito  Ditch,  but  without  rights  to  other  than  surplus 
water,  and  without  adequate  moans  for  distributing  what  water  they 
did  get.  Standifer  Ditch  was  then  unlined  and  losses  from  it  were 
heavy,  and  it  occurred  to  the  small  community  near  Rivera  that  if  they 
could  save  the  losses  in  that  ditch  above  their  lands  and  also  in  dis- 
tributing water  among  themselves  their  supply  would  be  satisfactory. 
They  found  that  by  organizing:  as  an  irrigation  district  they  could 
condemn  a  right  of  way  through  Standifer  Ditch  and  that  they  would 
al«o  then  have  a  convenient  means  of  operating  their  irrigation  system. 
Shortly  after  organization  they  brought  a  condemnation  suit,  probably 
friendly,  against  Standifer  Water  Ditch  Association,  also  asking  for 
the  right  to  enlarge  Standifer  Ditch.  In  May,  1895,  a  settlement  was 
a^eed  upon  and  entered  as  a  court  dcMTce,  awarding  Walnut  district 
the  right  to  enlarge  and  use  Standifer  Ditch,  provided  that  the  dis- 
trict should  build  a  wooden  flume  or  otherwise  improve  the  ditch  and 
maintain  it  to  a  certain  point  in  return  for  the  double  privilege  of 
using  the  surplus  water  carried  and  of  carrying  the  additional  water 
the  district  should  divert  in  accordance  with  a  200-inch  filing  from 
the  San  Gabriel  made  shortly  after  organization.  The  provisions  of 
this  decree  were  complied  with  by  the  district,  the  wooden  flume 
extending  from  the  Santa  Fe  track  to  the  Pico  or  Whittier  road,  and 
costing  approximately  $6,000.00.  Later  this  flume  was  taken  out  and 
the  ditch  cemented  at  a  reported  cost  of  a})out  $8,000.00,  which  included 
the  cost  of  a  short  section  of  cement  pipe.  The  district  also  purchased 
a  two-fifths  interest  in  17  acr(»s  of  water-l)caring  land  at  the  head  of 
Standifer  Ditch. 

Walnut  irrigation  district  was  organized  with  practically  unanimous 
consent  and  has  definitely  improved  the  conditions  that  existed  prior 
to  organization.  Instead  of  issuinir  bonds,  all  funds  have  ])een  raised 
by  assessment  or  water  tolls.  While  assessments  during  the  reconstruc- 
tion of  the  system  were  a  little  heavy,  the  operating  expenses  have  been 

States  supreme  court  (1S."»  V.  S.  1).  docidprl  March  24,  11)02,  just  n  short  time  prior 
to  the  final  settlement,  it  was  held  that  bona  fi(U'  purchasi'rs  of  honds  occupi<»d  an 
unassailable  position  without  repird  cilhor  to  the  original  judgment  of  continuation 
or  the  later  judgments  declaring  the  districts  invalid.  In  this  case  the  district  and 
the  individual  defendants  relinl  only  on  the  claim  that  there  had  been  some  defect  in 
the  printing  of  the  original  notice  of  the  petition  to  the  supervisors  for  organization. 
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exceptionally  small  aud  have  been  provided  for  by  a  charge  of  ten 
cents  per  hour  per  irrigating  head  used,  the  heads  normally  being  about 
200  inches.  According  to  the  agreement  with  the  Standifer  Ditch  Com- 
pany, the  district  pays  all  of  the  cost  of  maintaining  from  two  to  three 
miles  of  the  ditch  between  the  intake  and  the  district  line,  and  two- 
fifths  of  the  remaining  cost  above  the  district.  When  assessments  have 
been  levied  they  have  been  voted  practically  unanimously  and  paid 
without  delinquencies.     The  entire  area  in  the  district  is  irrigated. 

In  addition  to  the  original  condemnation  suit,  Walnut  district  has 
been  involved  in  two  suits  that  were  taken  to  the  supreme  court,  one 
of  which,^  was  of  importance.  This  suit  had  to  do  with  the  right  of 
a  landowner  within  the  district  to  use  outside  of  the  district  boundaries 
part  of  the  water  to  which  land  owned  by  him  within  the  district  was 
entitled.  The  court  held  that  under  section  18  of  the  Wright  act  a 
landowner  in  an  irrigation  district  had  no  right  to  water  for  use  out- 
side of  the  district,  saying  that  **The  right  of  a  landowner  of  the  dis- 
trict to  the  use  of  the  w^ater  acquired  by  the  district  is  a  right  to  be 
exercised  in  consonance  with  and  in  furtherance  of  such  ultimate  pur- 
pose, viz.,  for  the  improvement  by  irriijation  of  lands  within  the  district 
and  in  no  other  way.'' 

Walnut  irrigation  district  has  bcdi  operated  by  a  board  of  directors 
elected  at  large,  although  in  practice  selected  to  represent  different 
divisions  of  the  district.  The  district  is  chiefly  devoted  to  walnut  and 
citrus  groves  and  is  all  irrigated.  The  present  status  of  this  district 
is  described  later. 

ANAHEIM. 

Anaheim  irrigation  district  seems  to  have  grown  out  of  a  rather 
general  desire  among  the  irrigators  sui>plied  by  Anaheim  Union  Water 
C/Ompany  to  improve  the  water  service  of  that  company  and  to  force 
the  holders  of  th(^  larger  unirrigatcnl  tracts  of  the  neighborhood  to 
share  the  expense  of  the  water  development  that  w^as  rapidly  adding 
value  to  their  lands.  The  district  seems  largely  to  have  failed  as  a 
district  because  of  being  conceived  on  a  too  extensive  scale,  and  becaiLse 
opposition  that  existed  from  the  start  was  greater  than  it  was  possible 
to  overcome.  It  strikingly  illustrates,  however,  the  great  power  of  a 
minority  to  prevent  the  success  of  an  irrigation  district  if  determined 
to  do  so. 

The  history  of  Anaheim  irrigation  district  is  really  the  history  of 
the  critical  period  in  the  irrigation  development  of  what  is  now  one  of 
the  important  agricultural  communities  of  the  state.  Fortunately, 
that  history,  which  is  quite  typical  of  the  worthier  but  vet  unsuccessful 
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district  organizations  under  the  original  Wright  act,  can  be  given 
largely  in  the  words  of  one  of  the  organizers  and  later  presidents  of 
the  district,  Mr.  F.  A.  Korn,  who,  under  date  of  September  15,  1900, 
when  past  73  years  of  age,  carefully  penned  an  account  of  **  irrigating 
thirty-three  years  in  Orange  County'*  in  response  to  a  request  for 
information  about  the  old  district. 

Omitting  such  portions  of  Mr.  Korn 's  letter  as  can  be  omitted  without 
breaking  the  story,  he  wrote  as  follows : 

The  undersigned  bought  in  March,  1867,  in  the  old  colony  of  Anaheim. 
Anaheim  irrigated  at  that  time  about  1,100  acres,  mostly  in  grapes.; 
water  came  from  the  Santa  Ana  River  about  three  miles  east  of 
Anaheim.  The  water  right  was  bought  from  the  Yorba's  (an  old 
Spanish  settlement)  in  1857. 

Shortly  after  I  came  to  Anaheim  the  Stearns  rancho  was  surveyed 
and  put  on  the  market.  The  first  settlers  arrived  in  1869.  It  did  not 
take  long  before  they  found  out  they  could  not  raise  a  crop  every 
year  except  they  had  water  to  irrigate  with.  A  few  settlers  close  to 
Anaheim  applied  for  water  to  the  Anaheim  "Water  Company  and  it 
was  sold  to  them  for  $3.00  per  acre  for  one  share  of  stock  in  the  Anaheim 
Water  Company.  The  other  settlers  on  the  northern  side  of  Anaheim 
had  to  make  their  ovm  ditches ;  it  took  several  years  before  an  irrigation 
ditch  was  made  to  the  river.  Even  then  it  did  not  amount  to  much. 
It  would  not  carry  water  in  the  summer  months. 

The  legislature  in  1872  (I  believe)  passed  the  so-called  Bush  act  and 
under  this  act  a  number  of  farmers  of  Placentia  had  an  irrigation  ditch 
surveyed  to  Bedrock  Canyon.  They  worked  until  their  means  were 
exhausted ;  it  was  about  one- tenth  part  finished. 

In  1875  or  1876  a  gentleman  bought  a  large  tract  west  of  Yorba 
and  formed  a  company  of  all  his  neighbors  and  all  those  who  had  an 
interest  in  the  unfinished  ditch;  this  company  was  named  the  Cajon 
Canal  Company.  When  in  1879  the  Cajon  Canal  was  finished,  land 
which  could  be  irrigated  just  doubled  in  value.  In  January,  1884,  the 
Anaheim  Water  Company  and  the  Cajon  Canal  Company  consolidated 
and  incorporated  under  the  name  of  Anaheim  Union  Water  Company 
with  a  capital  of  $1,200,000.00,  divided  into  12,000  shares,  only  7,000 
shares  to  be  issued  at  present.  The  landowners  had  expected  another 
rise  in  land  values  after  a  consolidation  of  the  two  water  companies,  but 
in  this  they  were  disappointed;  a  speculator  would  not  improve  his 
holdings  knowing  well  enough  they  would  bring  big  interest  sooner 
or  later.  Time  went  along  without  much  improvement,  the  Santa  Fe 
railroad  was  built,  the  town  of  Fullerton  came  into  existence,  and  the 
boom  of  this  part  of  the  country  was  felt  all  over.  The  Wright  irriga- 
tion law  had  passed  the  legislature  and  several  districts  under  this 
law  had  been  formed  in  the  northern  part  of  the  state.  Many  share- 
holders in  the  water  company  were  dissatisfied,  believing  that  under  the 
Wright  act  irrigation  w^ater  could  be  got  cheaper  than  the  Anaheim 
Union  Water  Company  sold  it  although  the  company  never  charged 
more  than  the  cost  of  running  expenses.  Many  meetings  were  held, 
resulting  in  a  petition  to  the  board  of  supervisors  to  grant  us  the  right 
to  form  an  irrigation  district.     It  took  about  one  year  before  the  board 
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of  supervisoi's  granted  the  right  to  form  the  Anaheim  irrigation  district; 
the  land  company  and  a  few  large  landowners  were  against  it.  The 
first  board  of  directors  were  elected  and  every  farmer  in  the  district 
believed  the  bonds  would  be  sold  before  the  end  of  the  year,  but  they 
did  not  succeed. 

When  the  next  election  was  held  I  was  elected  director  for  the 
Anaheim  district  and  was  re-elected  until  the  district  was  dissolved 
by  the  court.  The  board  of  directors  under  which  I  served  did  their 
best  to  sell  bonds,  but  we  never  had  an  offer  to  sell  our  bonds  for  90 
cents  on  the  dollar  and  for  less  than  90  cents  we  would  not  sell.  A 
number  of  promoters  and  schemes  made  all  kinds  of  propositions  but 
we  w^anted  to  see  cash  to  build  reservoirs  with. 

Nearly  four  years  had  passed  with  us  not  being  able  to  sell  any  bonds 
and  $36,000.00  had  so  far  uselessly  been  expended.  The  taxpayers 
began  to  think  they  had  expended  money  enough  to  form  an  irrigation 
'district.  An  election  was  held  to  dissolve  the  district  which  was  almost 
unanimously  carried.  All  our  debts  were  paid,  and  the  superior  court 
dissolved  the  district. 

Other  data  than  are  included  in  the  above  letter  indicate  that  the 
controversy  over,  the  organization  of  Anaheim  district  was  at  times 
heated,  and  that  some  of  the  ablest  lawyers  of  southern  California  were 
arrayed  on  the  opposing  sides.  It  had  been  proposed  to  purchase  the 
system  of  the  Anaheim  Union  Water  Company  for  $300,000.00  in  bonds 
and  to  pay  $40,000.00  in  bonds  for  the  rights  of  the  Yorba  irrigators. 
While  those  in  control  of  the  Anaheim  Union  Water  Company  had 
acquiesced  in  the  sale  of  their  system,  a  number  of  the  larger  share- 
holders and  the  irrigators  at  Yorba  strongly  objected  to  relinquishing 
to  the  district  their  water  rights  acquired  about  1858  for  fear  that  the 
water  was  to  be  spread  over  a  too  large  area.  A  bond  issue  of 
$600,000.00  was,  however,  carried,  but  while  the  directors  were  con- 
sidering and  were  about  to  consummate  its  sale,  feeling  became  more 
bitter  and  the  opposition  redoubled  their  efforts,  charging  the  directors 
with  inefficiency  and  inability  to  handle  so  much  money,  and  claiming 
that  the  bonds  would  be  sold  at  a  heavy  loss,  and  the  section  irretriev- 
ably ruined.  Taxpayers  in  the  city  of  Anaheim,  which  was  included 
in  the  district,  joined  with  the  opposition.  Finally,  some  of  those  who 
had  been  active  in  favor  of  the  district  went  over  to  the  opposition  and 
the  long  fight  was  given  up.^  The  district  was  dissolved  by  the  superior 
court  of  Orange  County  September  12,  1895. 


'The  area  served  by  Anaheim  Union  Water  Company,  which  is  a  mutual  company, 
is  now  in  a  highly  prosi)erous  condition.  Invest ijrat ions  of  the  use  of  water  from 
Santa  Ana  River  in  li)12  showed  a  total  of  13,0()0  acres  being  irrigated  by  this 
company,  with  a  supplemental  supply  beinjr  provided  to  5,245  acres  from  private 
wells.  All  of  the  land  included  in  the  old  irrigation  district  has  not,  however,  been 
watered.  While  during  its  formative  jieriod  the  district  enterprise  greatly  inflated 
land  prices,  and  in  that  way  caused  some  heavy  losses,  the  efforts  to  form  it  probably 
had  as  their  chief  result  a  valuable  addition  to  the  experience  of  the  irrigators  about 
Anaheim  in  managing  their  own  irrigation  affairs. 
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DISTRICTS  ESSENTIALLY  SPECULATIVE. 

For  the  first  three  years  after  the  passage  of  the  "Wright  act  no  one 
used  it  as  a  eloak  to  cover  up  speculation.  On  the  contrary,  while  many 
of  the  districts  started  during  those  years  undoubtedly  should  never 
have  been  started,  and  regardless  of  the  undue  optimism  of  their 
organizers,  there  is  ample  indication  that  the  purpose  prompting  their 
formation  was  essentially  a  bona  fide  and  constructive  one.  To  those 
who  recall  the  frenzied  wave  of  land  speculation,  especially  in  southern 
California,  that  culminated  during  the  early  nineties,  it  is  not  at  all 
surprising  that  the  Wright  act  should  have  been  made  use  of  as  an 
agency  in  that  speculation.  The  spirit  and  purpose  of  the  act  plainly 
limited  its  use  to  existing  communities  desiring,  over  the  objections  of 
an  obstructing  minority,  to  use  the  taxing  power  and  the  power  of 
eminent  domain  to  obtain  or  improve  an  irrigation  water  supply.  Not 
being  framed  to  cover  purely  speculative  enterprises,  no  safeguards 
against  its  misuse  were  thrown  around  it,  and  it  readily  became  an 
easy  tool  in  the  hands  of  manipulators.  It  is  of  no  particular  conse- 
quence at  this  time  whether  those  who  misused  this  law  were  honest  or 
dishonest,  nor  will  anything  be  gained  at  this  time  by  criticizing  their 
ethics.  The  period  was  a  hopeful  one  and  in  the  confidence  men  felt  in 
the  future  some  things  were  done  that  probably  seemed  proper  then 
but  which  would  not  be  countenanced  now.  So  far  as  concerns  some  of 
the  districts  classed  as  essentially  speculative,  that  is  probably  the  most 
that  can  be  said,  and  as  to  some  even  that  probably  is  not  justified. 
However,  whatever  of  value  is  to  come  from  a  history  of  these  old 
enterprises  must  come  from  a  plain  recital  of  how  they  operated  and 
by  what  means  they  brought  discredit  on  the  law  and  disaster  whose 
effects  are  in  some  cases  still  felt  to  the  communities  they  embraced. 

The  Wright  Act  was  written  to  make  it  possible  for  a  reasonable 
number  of  landowners  in  any  community  to  bring  to  an  issue  the  ques- 
tion of  whether  a  means  of  irrigation  should  be  provided,  in  spite  of 
the  opposition  of  large  landowners  who  were  content  to  farm  their 
large  holdings  on  a  margin  of  profit  per  acre  that  would  be  prohibitive 
to  the  smaller  farmers.  So  it  was  provided  that  *' fifty,  or  a  majority 
of  the  holders  of  title,  or  evidence  of  title,"  might  propose  the  organiza- 
tion of  an  irrigation  district.  Fifty  or  a  majority  in  a  section  already 
under  cultivation  was  quite  sure  to  represent  a  substantial  interest, 
but  fifty  or  a  majority  of  dummy  entrymen  or  purcluusers,  or  even  of 
bona  fide  entrymen  or  purchasers  in  a  desert  country  brought  in  or 
** colonized"  merely  to  make  passible  the  initiation  of  an  irrigation  dis- 
trict, might  represent  no  substantial  interest  whatever.  So  also  two- 
thirds  of  all  of  the  electors  in  a  section  already  under  cultivation,  when 
called  upon  to  decide  as  to  organization,  or  a  majority,  when  called 
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upon  to  authorize  a  bond  issue,  were  likely  to  stand  for  an  interest 
sufficiently  large  to  justify  going  ahead  or  trying  to  do  so.  On  the 
other  hand,  two-thirds  or  even  a  majority  of  the  electors  in  a  **  colon- 
ized *'  desert  section  were  quite  sure  to  represent  but  a  very  small 
percentage  of  the  ultimate  settlers  who  must  t>ay  the  principal  portion 
of  any  bonded  indebtedness  incurred. 

Of  the  eleven  districts  classed  as  essentially  speculative  only  Big 
Rock  Creek  and  Little  Rock  Creek  are  now  active,  the  former  having 
been  revived  in  1914  and  the  latter  about  1910.  The  present  status 
of  these  two  districts  is  described  in  connection  with  active  districts 
but  an  outline  of  their  early  history  and  failure  and  of  the  history 
and  failure  of  the  other  nine  are  briefly  given  below. 

SUNSET. 

The  guiding  spirit  of  this  district  was  a  promoter,  aided  by  a  group 
of  people  in  Fresno  and  Selma.  Its  chief  historical  interest  lies  in 
what  may  charitably  be  looked  upon  as  an  approach  to  the  grotesque. 

Sunset  irrigation  district  covered  a  strip  of  desert  from  one  to 
twelve  miles  wide  and  about  seventy  miles  long,  extending  from  near 
Mendota  to  Tulare  Lake.  Although  a  few  had  attempted  from  time 
to  time  to  establish  hemes  there,  the  land  included  was  almost  wholly 
owned  by  nonresidents,  with  alternate  sections  railroad  land.  To  accom- 
l)lish  organization  a  quarter  section  was  subdivided  into  small  lots  and 
either  given  away  or  sold  at  nominal  prices  to  those  who  would  agree 
to  vote  for  organization.  Probably  it  was  also  prearranged  that  bonds 
should  be  voted,  for  a  $2,000,000.00  issue  was  easily  carried  within 
three  months  of  organization.^  In  general  the  scheme  proposed  by  the 
promoters  was  to  take  water  from  Kings  River  by  way  of  Summit  Lake, 
irrigating  87,000  acres  by  gravity  and  178,000  by  pumping  from  Fresno 
Slough  by  means  of  seventeen  44-inch  centrifugal  pumps  raising  water 
through  four  11-foot  lifts.  Cereals,  it  was  stated,  would  never  need 
but  one  flooding  and  six  inches  added  to  the  natural  rainfall  w^ould  be 
ample,  (brasses  were  to  be  served  three  times  with  four  inches  in  depth 
at  each  wetting,  ''one  foot  to  each  250  acres  of  land."  The  system  was 
to  include  500  miles  of  earthen  channels  and  utilize  3,000,000  feet  of 
lumber,  and  the  gross  water  duty  was  figured  at  one  acre-foot  per 
acre.  Unfortunately  the*  engineer  did  not  specify  how  he  was  to  take 
care  of  seei)age  lossi^s.  Nevertheless,  he  was  paid  $20,000.00  in  bonds 
for  his  services.  lie  should  have  bec^n  satisfied,  however,  for  only 
$:iOO,000.00  in  bonds  was  paid  for  rights  of  way  and  reservoirs  and 


4t  is  quite  evident  from  tho  record  of  the  district  that  the  plans  of  the  system 
and  its  cost  were  worked  out  to  the  satisfaction  of  the  promoters  before  the  enter- 
prise was  started  and  it  was  apparently  their  desire  to  call  for  a  bond  issue  at  once. 
However,  their  attorney  advised  the  directors  at  their  first  meeting  *'that  it  would 
not  look  right  to  order  an  election  on  bonds  at  the  first  meeting  of  the  board/'  and 
accordingly  this  formality  was  postponed  for  two  months. 
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"wftter  rights''  on  Kings  River  calling  for  3,000  cubic  feet  per  second 
after  previous  claims  were  satisfied,  but  with  the  title  to  any  of  the 
3,000  cubic  feet  per  second  apparently  never  having  been  perfected 
either  by  use  or  court  decree.^ 

In  the  heyday  of  its  hope  the  directors  of  Sunset  irrigation  district 
were  in  no  wise  modest  regarding  the  virtues  of  their  enterprise.  In 
an  undated  printed  prospectus  issued  some  time  after  October,  1896, 
(the  last  date  mentioned  in  the  prospectus)  some  quite  elaborate  and 
variegated  penwriting  was  resorted  to  in  describing  the  results  of 
irrigation  at  Riverside,  **buf  adds  the  prospectus,  **with  all  its 
grandeur,  Riverside  can  not  compare  in  soil,  climate,  or  any  of  nature's 
gifts,  with  Sunset." 

Even  after  a  lapse  of  nearly  twenty-five  years,  and  also  even  granting 
that  many,  acting  in  entire  good  faith,  were  prompted  through  misinfor- 
mation or  absence  of  information  to  attempt  the  impossible  under  the 
Wright  act,  it  is  difiicult  to  look  with  patience  on  the  operations  of  those 
who  promoted  and  managed  this  district.  Even  as  early  as  February, 
1892,  a  prominent  San  Francisco  bank  had  characterized  Sunset  district 
as  a  fraud.  The  most  cursory  public  supervision,  it  would  seem,  should 
have  prevented  this  district  from  ever  being  formed,  saying  nothing  of 
the  operations  subsequent  to  organization.'^ 

MANZANA,  LITTLE  ROCK  CREEK,  AND  BIG  ROCK  CREEK. 

In  the  activity  under  the  Wright  act,  Mojave  Desert,  or  Antelope 
Valley,  was  not  overlooked.  Of  six  districts  formed  there  between  1890 
and  1895,  Manzana,  Little  Rock  Creek,  and  Big  Rock  Creek  have  been 


*The  HK'ord  of  the  district  indicates  tliat  quite  early  iu  its  history  some  doubt 
arose  as  to  the  legality  of  the  organization  procedure  that  was  followed.  When 
the  district  was  organized,  as  already  stated,  a  tract  within  the  district  was 
subdivided  and  the  parcels  thereof  sold  or  given  away  to  those  who  would  agree  to 
help  carry  the  election  on  the  organization.  On  October  24,  1891,  the  attorney  for 
the  district  wrote  to  the  promoter  in  a  much  disturbed  state  of  mind  over  the  fact 
that  some  one  connected  with  the  district  had  expressed  his  doubts  about  the  "free- 
holder proposition,"  meaning  the  colonization  of  *'freeholdcrs"  to  carry  the  election. 
"If  it  should  come  to  the  cars  of  the  judge,"  the  attorney  stated,  "he  might  feel 
called  upon  to  institute  an  inquiry  when  otherwise  a  decree  (of  confirmation)  would 
certainly  be  entered  on  the  record  showing."  Evidently  the  promoter  and  the 
attorney  resolved  all  doubts  in  favor  of  the  district,  for  they  were  able  to  satisfy  the 
superior  court  with  the  evidence  presented  and  to  secure  a  decree  of  confirmation. 
This  decree,  however,  might  well  have  been  based  on  safer  grounds,  for  when,  after 
paying  assessments  for  several  years  and  seeing  nothing  accomplished,  and  after 
seeing  interest  on  outstanding  bonds  defaulted,  the  nonresident  landowners  and  the 
bondholders  took  the  matter  in  hand,  they  had  no  ditticulty  in  getting  the  decree  set 
aside  as  a  fraud  on  the  court  and  the  district  declared  nuH'and  void. 

*0n  several  occasions  the  board  issued  warrants  to  i)ay  th.'  interest  on  some  of 
the  bonds  that  had  been  disposed  of,  but  in  September,  iSO'J,  the  directors  decided 
that  it  was  not  advisable  to  levy  an  ass^'ssment  to  pay  interest  on  bonds.  The 
directors  subsequently  obtained  an  opinion  from  their  attorney  on  the  matter. 
which  held  that  there  was  no  doubt  as  to  the  meaning  of  the  law,  which  reciuired  an 
annual  levy  to  pay  interest  where  there  were  outstanding  bonds.     "In  the  case  of  | 

Sunset  district,  however."   the  attorney  stated,  "it  seems  to  me  it  must  have  been  i 

apparent  to  those  who  took  bonds  of  the  district  that  the  district  would  be  unable  to  I 

pay  until  the  water  should  be  applied  to  the  lauds.     If  such  was  the  case  they  will,  ; 

of  course,  feel  no  disappointment  if  accrued  interest  be  not  provided  for  until  the 
water  has  been  applied  to  the  lands." 
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classed  as  speculative,  for  they  were  all  promoted  by  companies  or  indi- 
viduals desiring  to  sell  land  and  who  either  were  misled  by  the  extra- 
normal  water  supply  in  sight  during  the  late  eighties,  or  took  advantage 
of  the  unusual  conditions  of  those  years  to  consummate  their  plans.  In 
each  case  ** colonization"  was  necessary  before  a  district  could  be  organ- 
ized, and  in  each  water  rights  held  by  the  promoters  or  acquired  by  them 
for  the  purpose  were  traded  for  district  bonds.  In  each  case,  after  con- 
siderable areas  of  land  had  been  sold  to  nonresidents  and  in  many 
instances  planted  to  orchards,  the  water  supply  failed  as  the  dry  years 
of  the  nineties  came  on,  and  with  this  condition  there  was  in  each  case 
a  default  in  payment  of  taxes  and  in  the  meeting  of  bond  interest  and 
finally  an  exodus  of  the  settlers.  Manzana  district  disposed  of  about 
$40,000.00  worth  of  bonds,  Little  Rock  Creek  about  $88,000.00,  and  Big 
Rock  Creek  in  excess  of  $223,000.00.  The  water  supply  in  Manzana 
district  which  purported  to  be  sufficient  for  3,000  acres  dwindled  in  the 
dry  years  until  there  was  sufficient  only  for  domestic  use  on  a  few 
farms.  Big  Rock  Creek  district  covered  about  30,000  acres  and  the 
several  hundred  people  said  at  one  time  to  have  resided  in  the  district 
were  reduced  by  the  drouth  to  a  very  few,  irrigating  only  about  100 
acres.  In  Little  Rock  district  the  area  embraced  was  4,100  acres, 
including  about  1,300  acres  of  unpatented  land.  By  installing  a  pump- 
ing plant  near  the  intake  of  the  district  ditch  the  people  of  this  district 
were  able  to  tide  over  the  dry  years  with  a  water  supply  apparently 
somewhat  below  100  inches.  Almonds  largely  made  up  the  orchard  crop 
planted  in  all  three  of  these  districts,  and  as  a  rule  the  land  had  been 
planted  by  the  promoting  companies  and  sold  to  eastern  buyers  who  had 
never  seen  the  land,  w-ith  agreements  to  maintain  the  orchards  for  a 
stated  number  of  years. 

Manzana  district  has  never  been  rehabilitated  and  its  bonded  indebted- 
ness is  still  unsettled,  with  no  plan  of  settlement  in  view,  and  with  but 
a  very  small  acreage  now  irrigated.  In  Big  Rock  Creek  district  a 
second  effort  w^as  made  to  colonize  the  area  by  an  eastern  colonization 
company  which  had  acquired  a  considerable  area  in  the  district  and 
which  is  said  to  have  taken  some  part  in  supporting  the  original  coloniza- 
tion movement.  In  consideration  of  receiving  additional  district  bonds, 
estimated  at  from  $30,000.00  to  $50,000.00  par  value,  this  second  com- 
pany undertook  to  increase  the  water  supply  by  driving  a  tunnel 
2,600  feet  into  the  bed  of  Rock  Creek.  Here  again,  however,  failure 
was  met,  for  only  a  small  quantity  of  water  was  obtained  and  the  settlers 
whom  this  second  colonization  movement  had  brought  in  also  abandoned 
their  holdings  and  moved  away.  A  third  effort  to  occupy  the  district 
was  made  in  1914  when  a  group  of  Los  Angeles  socialists  began  the 
ostablislnuent  of  a  socialist  ('olony  there.  The  present  status  of  this 
movement  is  given  elsewhere.     By  getting  the  supervisors  of  Los  Angeles 
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County  to  appoint  a  new  board  of  directors  for  the  district  those  back 
of  the  present  movement  were  able  to  resiLseitate  the  old  organization. 
February  3,  1915,  a  new  board  was  elected  by  the  people.  The  present 
promoting  company  has  acquired  about  $60,000.00  par  value  of  the 
old  bonds  and  has  located  an  additional  amount  of  $65,000.00,  and 
suits  are  now  pending  in  the  Los  Angeles  County  superior  court  to 
obtain  judgments  on  some  or  all  of  the  bonds.  Little  Rock  Creek  dis- 
trict has  also  recently  been  rehabilitated.  About  ten  years  ago  the  few 
settlers  who  remained  after  the  exodus  of  the  nineties  formed  a  mutual 
water  company  and  undertook  to  acquire  the  old  district  works  and  in 
this  connection  petitioned  the  court  for  dissolution  of  the  district. 
Being  objected  to  by  some  of  the  bondholders,  however,  this  plan  was 
abandoned  and  a  movement  started  to  revive  the  district.  An  agree- 
ment was  made  with  the  bondholders  by  which  the  $88,000.00  of  bonds 
that  had  been  issued  should  be  funded  with  $25,000.00  of  new  bonds, 
and  in  September,  1910,  new  bonds  for  the  purpose  were  voted  and.  also 
bonds  to  the  amount  of  $35,000.00  which  it  had  been  stipulated  should 
be  used  in  improving  the  irrigation  system.  What  has  been  done  under 
this  compromise  and  what  has  been  accomplished  in  the  way  of  agricul- 
tural development  of  the  district  are  both  told  later  in  this  report. 

PERRJS  AND  AIjESSANDRO. 

The  first  to  be  formed  of  the  Wright  districts  classed  in  this  report  as 
essentially  speculative  was  Perris,  which  dates  from  June  2,  1890. 
About  six  months  later  it  was  followed  by  Alessandro  district.  These 
two  districts  strikingly  illustrate  some  of  the  worst  features  of  activity 
under  the  Wright  act.  The  history  of  both  of  them  is  closely  inter- 
woven with  the  history  of  the  various  companies  that  were  organized 
to  exploit  Bear  Valley  reservoir.  Both  seem  to  have  been  operated  on 
the  theory  that  the  purpose  in  view  justified  any  means  necessary  to 
accomplish  it.  Both  passed  through  brief  but  stormy  careers  and  both 
ceased  activity  with  the  failure  of  their  supposed  water  supplies. 
Finally,  twenty  years  after  they  ceased  activity,  their  bonded  indebted- 
ness has  been  disposed  of,  in  the  one  case  by  having  judunients  amount- 
ing to  $567,300.00  compromised  at  about  40  cents  on  the*  dollar,  and  in 
the  other  case  by  being  held  uncollectible  because  the  bondholders  had 
had  notice  in  the  printed  prospectus  of  the  district  that  the  bonds  were 
delivered  to  Bear  Valley  Irrigation  Company  *^not  for  water,  but  for 
an  eyecutory  contract  to  deliver  water  in  the  future. ' ' 

Prior  to  the  organization  of  Pern's  district  land  about  Perris  was 
mostl^v  in  small  holdings  and  to  a  considerable  extent  was  being  hazard- 
ously dry-farmed  to  wheat  aiul  ])arley.  The  organization  elect i(m  was 
carried  by  81  to  2,  jus  was  a  bond  issue  of  $442,0(M).()()  shortly  thereaft<'r 
by  69  to  1.     Later  it  wjis  found  that  of  51)  signing  the  petition  for  the 
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formation  of  the  district,  only  eight  were  bona  fide  freeholders.  At  the 
time  of  organization  no  one  had  any  clear  notion  as  to  where  a  water 
supply  could  be  obtained,  but  every  one  was  optimistic.  Soon  attention 
was  centered  on  Bear  Valley  reservoir,  some  believing  that  the  pro- 
moters of  Bear  Valley  reservoir  had  instigated  the  formation  of  the 
district  in  order  to  get  its  bonds  for  development  purposes,  as  was  the 
case  with  Alessandro  district.  At  any  rate,  when  visiting  Bear  Valley 
dam  and  ** while  standing  on  that  magnificent  piece  of  masonry"  it  was 
agreed  that  that  ** gigantic  reservoir*'  furnished  *'the  safest,  best,  and 
most  feasible  system  of  water  supply  yet  examined, '*  and  that  if  it  could 
be  had  at  satisfactory  cost,  ** their  land  should  have  no  other."  On 
January  20,  1891,  the  district  contracted  with  Bear  Valley  Irrigation 
Company  for  the  exchange  of  $240,000.00  in  bonds  for  '*  Class  B" 
water  rights  in  Bear  Valley  reservoir.  About  the  same  time  they 
began  the  construction  of  a  conduit  to  the  district  and  a  distributing 
system,  the  entire  works  of  the  district  being  then  estimated  to  cost 
$710,000.00.  By  the  exchange  of  bonds  for  material  and  labor,  by  the 
issuance  of  warrants  and  their  later  redemption  in  bonds,  and  by  pur- 
chasing a  portion  of  the  pipe  system  as  '*real  estate"  after  it  had  been 
laid,  some  $200,000.00  in  bonds  was  expended  on  construction  work  and 
one  main  pipe-line  and  distributing  mains  in  the  district  were  built. 
As  a  result  of  this  activity  water  was  delivered  for  a  year  or  two  by- 
Bear  Valley  Irrigation  Company,  when  the  dry  years  of  the  early- 
nineties  came  on.  Then,  however,  the  **  Class  B"  rights  for  which  the 
district  had  exchanged  $240,000.00  in  bonds  turned  out  to  be  paper 
rights  only,  for  all  of  the  water  supplied  by  Bear  Valley  reservoir  was 
insufficient  even  for  the  holders  of  '* Class  A"  rights  about  Redlands, 
Crafton,  and  Lugonia,  and  for  reasons  given  more  fully  in  connection 
with  Alessandro  district.  Bear  Valley  Irrigation  Company  passed  into 
the  hands  of  a  receiver.  Orchards  that  were  just  getting  nicely  started 
died  and  the  optimism  that  had  thus  far  carried  the  organization  along 
now  turned  into  an  intense  depression.  IMany  abandoned  their  holdings 
and  at  least  twenty  houses,  it  is  said,  were  moved  to  Riverside.  With 
the  failure  of  Bear  Valley  Irrigation  Company  all  hope  of  saving  Perris 
district  was  abandoned. 

The  gradually  increasing  strife  among  the  proponents  and  the 
opponents  of  Perris  district  furnishes  one  of  the  most  interesting  phases 
of  the  history  of  early  California  irrigation  districts,  and  also  indicates 
the  utter  futility  of  attempting  to  carry  through  an  irrigation  district 
in  a  community  bitterly  divided  against  itself.  Only  a  few  cool  heads, 
it  is  stated,  at  one  period  prevented  bodily  encounter;  one  threat  to  kill 
on  sight  is  mentioned  in  the  data  that  have  been  gathered.  Each  side 
grasped  at  the  slightest  chance  to  check  or  discredit  the  other.  The 
opposing  group,  forty  or  fifty  strong,  organized  a  branch  of  the  Knights 
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of  Labor  and  held  weekly  meetings  in  the  seclusion  of  the  neighboring 
foothills.  In  this  step  they  were  met  by  the  formation  of  the  **  Patter- 
son Guards,"  made  up  of  about  an  equal  number  who  were  supporting 
the  district.  Each  organization  is  said  to  have  been  on  a  military  foot- 
ing with  every  member  armed.  Suit  was  brought  to  oust  one  member  of 
the  board  of  directors  of  the  district  on  the  charge  that  certain  of  his 
acts  were  illegal.  He  was  arrested,  but  was  surreptitiously  tried,  it  is 
stated,  by  a  friendly  justice  sitting  at  a  '/haymow"  trial,  and  acquitted. 
On  one  occasion  some  of  the  **antis"  had  the  entire  board  arrested  and 
taken  to  San  Diego  for  trial.  A  charge  against  the  proponents  of  the 
district,  alleged  in  a  later  suit,  involved  bribing  the  lawyer  hired  by  the 
**antis"  to  fight  confirmation  proceedings  to  stay  away  from  the  trial. 
Finally,  a  source  of  bitter  contention  was  the  control  of  the  local  news- 
paper. At  the  start  it  was  in  the  hands  of  those  promoting  the  district, 
but  the  editor  later  went  over  to  the  other  side,  as  did  also  the  owner- 
ship, and  from  that  time  on  bitterly  attacked  those  in  control.  On  one 
occasion  the  editor  and  proprietor  of  this  paper  ^d  one  of  the  **anti" 
directors  had  the  pleasure  of  having  themselves     arned  in  eiBBgy. 

Alessandro  district  was  even  more  closely  identified  with  the  Bear 
Valley  Irrigation  Company  and  its  predecessors  than  was  Perris.  The 
original  company,  known  as  the  Bear  Valley  Land  and  Water  Company, 
was  organized  in  1883.  This  company  first  constructed  Bear  Valley 
dam  at  a  reported  cost  of  $75,000.00  and  sold  first  rights  to  the  water 
impounded  to  the  landowners  about  Crafton,  Lugonia,  and  Redlands. 

In  1890  the  Bear  Valley  and  Alessandro  Development  Company  was 
formed  and  it  acquired  a  majority  of  stock  of  the  first  company,  and 
also  about  21,000  acres  of  land  about  Alessandro  and  Moreno,  in  San 
Jacinto  Valley,  which  it  proposed  to  supply  with  water  by  constructing 
a  second  dam  in  Bear  Valley  about  200  feet_  below  the  first  dam,  this 
new  structure  to  increase  the  capacity  of  the  reservoir  to  80,000  acre- 
feet.  In  order  to  finish  this  larger  project  the  development  company 
promoted  Alessandro  irrigation  district,  all  of  the  organization  expenses 
of  which  it  paid  and  which  it  dominated  from  the  first.  According  to 
a  prearranged  plan  the  district  forthwith  voted  bonds  to  the  amount 
of  $765,000.00,  which  it  turned  over  to  a  second  new  company,  known  as 
Bear  Valley  Irrigation  Company,  which  in  the  meantime  had  taken 
over  the  two  former  companies.  In  consideration  of  the  $765,000.00 
bonds  of  the  district.  Bear  Valley  Irrigation  Company  issued  to  the 
district  more  **  Class  B"  water-right  certificates  and  contracted  to 
enlarge  Bear  Valley  reservoir  as  previously  indicated  and  to  build 
conduits  to  and  through  the  district,  both  the  reservoir  and  the  conduits, 
however,  to  remain  the  property  of  the  selling  company.  All  distribut- 
ing works  other  than  the  main  conduits  were  to  be  built  by  the  land- 
owners.    According  to  allegations  in  one  of  the  suits  later  brought 
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against  the  district,  three-fourths  of  the  petitioners  for  the  formation 
of  the  district,  including  two  of  those  subsequently  elected  to  the  first 
board  of  directors,  were  employees  of  the  selling  company,  and  the 
engineer  of  that  company  was  also  made  the  engineer  of  the  district. 
Thus,  in  return  for  $765,000.00  in  bonds,  most  of  which  were  disposed 
of  in  England  and  Scotland — some  at  a  premium — the  district  obtained 
merely  the  '* right"  to  receive  water  from  works  as  yet  unfinished,  and 
as  to  the  sufficiency  of  which  there  were  no  substantial  data  available, 
although  the  principal  consulting  engineer  employed  reported  in  a 
highly  optimistic  printed  prospectus  that  the  company  could  and  would 
fulfill  its  contract  to  supply  the  district. 

Apparently  Bear  Valley  Irrigation  Company  started  out  with  a  show 
of  keeping  its  agreement,  but  if  data  that  have  been  collected  and  alle- 
gations in  various  suits  can  be  depended  upon  as  correct,  much  of  the 
money  ($130,000.00,  July  1,  1891,  $209,350.00  in  1893,  and  other 
amounts  not  mentioned  in  the  records  at  hand)  obtained  from  bond>s 
and  from  other  sources  was  used  in  paying  dividends  instead  of  for 
construction,  although  Bear  Valley  Irrigation  Company  had  laid  the 
foundation  for  the  proposed  new  Bear  Valley  dam  in  a  substantial 
manner  in  1893,  and  had  also  built  a  conduit  to  the  district  carr>'ing 
something  less  than  1,000  inches.  By  December,  1893,  however,  Bear 
Valley  Irrigation  Company  was  completely  wrecked  and  passed  into 
the  hands  of  a  receiver,  together  with  all  of  its  promises,  and  the  district 
found  itself  w-ith  absolutely  nothing  for  its  pains  and  its  $765,000.00  in 
bonds.  For  a  few  years  the  district  had  collected  district  taxes  and 
paid  bond  interest,  but  with  the  failure  of  the  promoting  company  and 
its  prior  default  in  carrying  out  its  contract,  payment  of  both  taxes  and 
interest  ceased.  For  a  few  years  the  receiver  operated  the  portion  of 
the  system  that  had  been  built,  but  the  dry  years,  beginning  in  1895, 
demonstrated  that  the  water  supply  w^as  w'holly  inadequate,  and  that 
the  ** Class  B"  water-right  certificates  were  but  *'mere  phantoms"  and 
represented  nothing  more  than  the  vision  of  the  promoters.  After  the 
utter  failure  of  the  water  supply  land  prices  that  had  risen  from  $10.00 
an  acre  to  $125.00  dropped  to  practically  nothing,  and  nearly  all  of 
the  five  hundred  families  said  at  one  time  to  have  lived  in  the  district 
moved  away.  If  we  can  accept  the  view  of  one  thoroughly  familiar 
with  the  early  history  of  Alessandro  district  ^' there  probably  never  was 
a  place  that  suffered  as  that  did.''^ 


^l*erris  district  lias  hwn  involved  in  much  interesting  litigation.  In  early  days 
the  orfranization  of  the  district  and  its  bond  issues  were  confirmed  in  various 
suits,  althousfh  it  was  later  claimed  that  fraud  had  been  practiced  in  one  of  them. 
In  quo  irarranto  jirocci'dinps  started  in  ItSDT  the  district  was  declared  illegally 
organized  and  its  rights  forfeited,  but  this  decision  was  reversed  by  the  snpreinc 
court  {Proplr  vs.  Per) is  Jnii/ution  Distrivt.  l.TJ  ('al.  2SJ)).  In  ft  later  supreme  court 
case  iljcruiun  vs.  Pcrris  Irtifjntiou  IHnty'u't,  140  Cal.  ."j40)  it  was  held  that  no  action 
can  lie  on  bonds  jfiven  for  warrants  in  ])aymcnt  of  labor  and  salary  claims  when  the 
bondholder  knew  that  the  statute  was  bein^f  violated  in  the  disposal  of  the  bonds. 
Suits  to  collect  from   the  district   have  mainly   been  bro\ight  in   the  United   States 
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RIALTO  AND  CITRUS  BELT. 

These  two  districts,  like  Perris  and  Alessandro,  were  twin  promotion 
schemes,  being  organized  in  October  and  November,  1890.  The  enter- 
prise back  of  them  was  the  Semi-Tropic  Land  and  Water  Company. 
The  20,000  acres  embraced  in  the  two  districts  were  purchased  by  that 
company  at  a  low  figure — the  market  price  at  the  time  in  small  holdings 
was  about  $25.00  per  acre — and  was  to  be  sold  at  $175.00  and  $200.00 
per  acre  after  a  water  supply  should  have  been  provided  through  the 
organization  of  the  two  irrigation  districts.  By  selling  off  a  number  of 
small  holdings  enough  voters  were  got  in  to  organize  the  districts  and 
to  vote  bonds— $500,000.00  in  Rialto,  and  $800,000.00  in  Citrus  Belt. 
Thereupon  the  company  obtained  agreements  by  which  it  should  fur- 
nish water  to  the  districts  at  the  rate  of  about  one  inch  to  each  seven  and 
one-half  acres.  Work  on  the  Rialto  system  was  started  at  once  and  after 
a  number  of  years  of  effort  about  two-thirds  of  the  total  water  supply 
contracted  for  was  developed  and  a  considerable  portion  of  the  dis- 
tributing system  built.  By  the  spring  of  1894,  however,  the  narrow 
margin  of  working  capital  on  which  the  promoting  company  had 
attempted  to  operate  forced  it  into  the  hands  of  a  receiver.     This  crisis 

courts.  In  a  case  carried  to  the  circuit  court  of  appeals  (Board  of  Supervisors  et  al. 
Tg.  Thompson  et  aZ.,  122  Fed.  8(50)  a  judgment  directing  the  issuance  of  a  per- 
emptory writ  of  mandcmus  to  compel  the  supervisors  of  Riverside  County  to  levy 
an  assessment  as  provided  in  section  39  of  the  irrigation  act  of  1897  to  pay  a  judgment 
against  the  district  was  affirmed  but  no  collections  were  made  under  that  decision. 
(Other  federal  cases  involving  Perris  district  bonds  were  Miller  vs.  Perris  Irriffntion 
JHstrict,  S'}  Fed.  603;  Miller  vs.  Perris  Irrigation  District,  92  Fed.  2(>a ;  Miller  vs. 
Perris  Irrigation  District,  99  Fed.  143;  Thompson  vs.  Perris  Irrigation  District. 
116  Fed.  769,  and  Perris  Irrigation  District  vs.  Thompson,  116  Fed.  832.)  In  1913 
section  39  of  the  act  of  1897  was  amended  to  make  it  the  duty  of  district  attorneys 
to  act  in  case  of  the  failure  of  boards  of  directors  to  levy  assessments  required  by 
law  to  be  levied,  and  the  amendment  was  held  valid  by  the  superior  court  of  River- 
side County  on  April  2,  1914,  and  the  supervisors  were  ordered  to  levy  an  assessment 
against  the  lands  of  the  district  to  pay  numerous  judgments  then  outstanding.  In 
f>ctober,  1914,  and  again  in  March,  1915.  levies  were  made  by  the  supervisors  of 
Riverside  County  to  pay  judgments  aggregating  about  $45.j.(KK).  These  assessments, 
however,  were  made  pursuant  to  a  compromise  with  the  landholders  by  whirh  judg- 
ments aggregating  ^5(>9,300  were  settled  for  about  forty  cents  on  tlie  dollar,  and 
July  2,  lOlii,  was  set  as  the  day  for  burning  the  bonds  the  above  judgments  covered. 
Alessandro  district  was  also  in  litigation  throughout  its  existence  and  even  down 
to  1913,  more  than  thirty  cases  involving  it  being  of  record.  The  organization  of  the 
district  and  the  bond  issue  were  first  confirmed  and  later  declared  illegal  on  account 
of  irregularity,  the  supreme  court  in  deriding  this  latter  question  holding  that  the 
board  of  directors  had  "no  power  to  give  all  the  bonds  of  the  district  for  a  mere 
personal  promise  of  another  thai  it  will  in  the  future  \vi\<o  some  water  to  the  district 
at  a  stipulated  rent.*'  {i^timson  vs.  Alrssanflro  Irutjation  District,  13.')  <'al.  3S9.) 
In  1905  what  purported  to  be  dissolution  proceedings  were  carried  through  in  the 
superior  court  of  Riverside  County  without  notice  to  the  bondholders.  On  learning 
of  the  purported  dissolution,  however,  bondliolders  rei»n'senting  claims  airgrognting 
$600,000  brought  suit  to  have  the  decree  of  dissolution  set  aside  and  for  judgment  on 
their  claims.  The  decision  in  this  suit,  entered  in  .January.  1913,  finally  resulted  in 
wiping  out  the  entire  bonded  indebtedness.  Not  only  did  it  throw  out  the  dissolution 
judgment  of  1905  as  "void  and  a  fraud  on  the  court."  but  it  declared  the  bondholders 
could  not  collect  because,  as  previously  indicated,  they  had  had  notice  in  the  printed 
prospectus  of  the  district  that  tho  bonds  were  delivered  to  Rear  Valley  Irrigation 
Ck>mpany  "not  for  water  but  for  an  executory  contract  to  deliver  water  in  the 
future."'  The  confirmation  judgment  of  1S91  was  held  void  "for  want  of  jurisdic- 
tion," and  the  judgment  in  the  quo  watmuto  proceed inirs  of  Novemln^r  IS,  1M>S,  was 
declared  valid  and  held  to  have  terminated  the  existence  of  the  district.  With  this 
judgment  future  action  by  the  bondlioldi'is  wns  dropped  and  the  bonds  have  since 
been  burned. 
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terminated  all  effort  to  carry  out  the  contract  with  Citrus  Belt  district 
and  the  bonds  of  that  district,  previously  trusteed,  were  returned  to 
the  district  and  the  district  subsequently  disorganized  after  paying  off 
its  outstanding  warrants  at  50  cents  on  the  dollar.  The  agreement  with 
Eialto  district,  however,  was  assigned  to  the  promoting  company's  con- 
tractor, and  he  continued  work  on  the  system,  in  all  laying  about 
seventy-five  miles  of  pipe.  Up  to  this  time  and  for  another  year  the 
district  continued  to  levy  assessments  and  to  pay  bond  interest,  but  in 
1895,  when  the  dry  period  came  on  and  the  artesian  wells  that  had 
been  sunk  ceased  to  flow,  the  people  became  discouraged  and  refused 
longer  to  pay  their  district  taxes.  Many  of  the  orchards  began  to  die 
and  to  save  themselves  those  using  water  formed  the  Citizens  Mutual 
Water  Company  and  by  boring  additional  wells  and  installing  pumping 
machinery,  developed  sufficient  water  gradually  to  develop  a  prosperous 
community  around  Bloomington,  the  mutual  water  company  continuing 
the  use  of  the  district  distributing  system.  Later  the  Citizens  Water 
Company  was  reorganized  under  the  name  of  Citizens  Land  and  Water 
Company,  which  is  still  operating  the  system.  In  the  meantime, 
although  inactive,  the  district  has  maintained  its  organization.  The 
old  bonds  of  the  district,  however,  of  which  about  $411,000.00  were 
issued,  have  not  yet  been  settled,  although  heavy  judgments  have 
recently  been  given  in  the  United  States  district  court,  and  the  collec- 
tion of  these  and  suits  covering  additional  claims  are  still  pending.^ 
The  Citizens  Land  and  Water  Company  gathered  up  about  one-half  of 
the  old  bonds  at  reported  prices  ranging  from  12  to  25  cents  on  the 
dollar,  and  offered  in  1909  to  assume  the  remaining  outstanding  indebt- 
edness, then  amounting  to  $260,000.00,  on  condition  that  all  of  the 
property  of  the  district  should  be  deeded  to  the  company  and  the  district 
disorganized,  this  proposal  having  been  made  after  agreement  and  con- 
ference with  the  bondholders.  When  the  proposition  was  submitted 
to  the  electors  of  the  district,  however,  in  1910,  it  failed  of  approval 
by  a  vote  of  54  to  71.^ 


^Followin??  the  judgment  referred  to,  Rialto  district  obtained  the  passage  by  the 
legislature  of  1015  of  an  amendment  to  section  8J>  of  the  irrigation  district  act,  the 
amendment  providing  "that  in  any  district  organized  prior  to  1891  the  amount  to  be 
levied  for  the  purpose  of  paying  any  judgment  or  judgments,  shall  not  exceed  the 
sum  of  $25,000  in  any  one  year  *  ♦  *  ."  Other  similar  attempts  have  been 
made  to  legalize  what  would  have  very  strongly  suggested  repudiation,  but  thf 
amendment  submitted  by  Rialto  district  was  the  first  one  to  pass  the  legislature. 
This  amendment,  however,  did  not  receive  executive  approval.  In  judging  of  these 
efforts  to  obtain  legislation  that  would  lessen  the  burden  of  the  landowner  on  account 
of  the  old  district  bonds,  it  should  perhaps  be  remembered  that  the  present  land- 
owners are  not  the  ones  who  organized  the  district,  and  that  present  bondholders 
probably  obtained  the  bonds  as  a  speculation  at  a  very  low  figure. 

*Citnis  Belt  district  was  involved  in  no  litigation  of  consequence,  it  having  been 
saved  that  trouble  by  the  wise  advice  of  its  attorneys  that  bonds  could  not  be 
exchanged  for  work.  Conditions  have  been  quite  different,  however,  in  Rialto 
district.  In  an  early  case  (Rialto  Irrioating  District  vs.  J.  R,  Brandon  ct  al..  103 
CaL  384  J  it  was  held  that  the  provisions  of  the  Wright  act  referring  to  the  construc- 
tion of  **ditches  and  canals"  and  giving  a  district  power  to  condemn  property  neces- 
sary for  works  were  broad  enough  to  include  pipe  lines,  flumes,  or  other  condu*** 
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MURRIETTA,   IJNDA  VISTA,    AND   JAMACHA. 

These  three  districts  were  formed  in  1890  and  1891,  the  years  of 
greatest  activity  in  organizing  under  the  Wright  act.  Murrietta  dis- 
trict, then  in  San  Diego  County,  although  embracing  14,000  acres,  was 
unimportant  and  accomplished  nothing  beyond  sinking  a  single  artesian 
well,  and  without  voting  any  bonds,  or  incurring  indebtedness,  that 
could  not  readily  be  paid,  ceased  activity  and  was  dissolved.  It  had 
been  formed,  in  the  first  place,  by  a  local  land  company  that  had 
acquired  some  2,200  acres  for  subdivisional  purposes.  Jamacha  dis- 
trict, originally  promoted  as  Spring  Valley  district,  was  more  feasible 
and  if  properly  managed  could  have  succeeded  for  at  least  a  part  of 
the  area  included.  This  district  was  promoted  by  the  owoier  of  certain 
properties  it  was  desired  to  sell  to  the  district  and  by  the  owners  of 
land  who  hoped  to  reap  a  profit  in  subdividing  their  holdings.  The 
water  supply  disposed  of  to  the  district  included  the  Barrett  damsite, 
at  which  point  water  from  Cottonwood  and  Pine  creeks  was  to  be  im- 
pounded. These  properties  were  purchased  for  $100,000.00  in  bonds 
which  were  a  part  of  a  $700,000.00  issue  that  had  been  voted.  An 
adverse  bank  report  stopped  the  disposal  of  any  further  bonds,  but  at 
this  juncture  the  properties  that  had  been  acquired  were  taken  over  by 
the  Southern  California  Mountain  Water  Company  and  the  bonds 
traded  for  them  returned  to  the  district.  The  district  was  finally 
dissolved  May  5,  1909. 

Linda  Vista  district,  covering  42,600  acres  on  Linda  Vista  mesa  north 
of  San  Diego,  was  similar  in  some  respects  to  Jamacha  district  and  was 
promoted  somewhat  in  the  same  way — that  is,  those  behind  it  were 
chiefly  holders  of  mountain  storage  and  appropriation  rights  and  those 
who  wished  to  increase  their  profits  in  real  estate.  In  the  general 
ignorance  of  irrigation  matters  common  to  the  time,  some  outsiders 
rushed  in  in  entire  good  faith,  expecting  to  make  quick  fortunes.  Their 
illusion,  however,  was  not  long-lived,  for  the  financial  plans  of  this  dis- 
trict failed  along  with  those  of  others,  and  no  bonds  were  disposed  of 
other  than  those  traded  to  the  promoters  for  filings  on  Pamo  Creek 
and  Santa  Ysabel  River,  a  storage  site  in  Pamo  Valley,  and  small 
areas  and  rights  in  Santa  Maria  and  Dye  valleys,  in  all  $176,000.00. 
These  old  bonds  hung  over  the  district  for  twenty  years,  but  were 
finally  disposed  of  and  the  district  dissolved  April  15,  1914.     During 

usnally  employed  in  works  of  the  kind  for  conveying  water.  In  a  lower  court  case 
in  Stowell  vb.  Rialto  Irrigation  District,  bonds  received  by  the  contractor  from  the 
Semi-Tropic  Land  and  Water  Company  were  held  invalid  on  authority  of  previous 
supreme  court -decisions  (Hughson  vs.  Crane,  115  Cal.  404;  Stimson  vs.  Alessandro 
Irrigation  District^  135  Cal.  3S9,  and  Lreman  vs.  Prrris  Irrigation  District,  140  Cal. 
540)  because  the  contract  of  the  company  provided  that  bonds  of  the  district  were  to 
be  issued  In  part  at  least  for  construction  w^ork.  On  appeal,  however  (155  Cal. 
215),  this  decision  was  reversed,  the  court  saying  in  effect  that  where  a  district 
enters  into  a  contract  for  the  transfer  to  it  at  different  times  of  specific  water  rights 
with  completed  pipe  lines  and  rights  of  way,  to  be  paid  for  in  bonds  to  be  issued  only 
on  delivery  o£  a  need  conveyinjz  the  property,  the  bonds  are  valid. 


J 
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the  interval,  litigation  had  reduced  all  of  the  district's  debts  to  judg- 
ments, all  of  which  were  acquired  by  a  local  corporation.  This  cor- 
poration returned  $55,000.00  of  the  old  bonds  in  exchange  for  the  water 
properties  purchased  by  the  district  twenty  years  previously  for 
$176,000.00  in  bonds,  the  remaining  indebtedness  being  compromised 
for  a  total  of  $125,000.00  that  was  raised  by  assessment.* 

Conceived  in  speculation,  although  honestly  supported  by  many;  far 
in  advance  of  a  legitimate  demand  for  the  development  it  would  make 
possible,  bitterly  opposed  by  the  owners  of  some  of  the  larger  holdings 
embraced,  based  on  too  meager  water  supply  and  cost  data  in  those 
early  days  of  western  irrigation  engineering,  ill-timed  and  managed 
by  men  either  inexperienced  in  large  affairs  or  not  disinterested,  Linda 
Vista  district  tested  the  weaknesses  rather  than  the  constructive  possi- 
bilities of  the  act  under  which  it  was  created.  Even  with  a  water  supply 
unquestioned  and  certain  it  would  have  been  too  large  an  undertaking 
to  be  economically  and  successfully  carried  through  by  nonresident 
landholders  mostly  waiting  for  a  chance  to  sell  out.  That  it  failed 
when  it  did  is  without  doubt  to  someone's  great  advantage. 

THE  IRRIGATION  DISTRICT  ACT  OF  1897. 

By  the  close  of  the  first  decade  of  operation  under  the  Wright  act 
the  necessity  for  a  radical  revision  of  that  act  was  fully  apparent.  The 
numerous  amendments  and  supplemental  acts  that  from  time  to  time 
had  been  adopted  had  been  drafted  more  with  a  view  to  meeting  local 
needs  of  particular  districts  or  to  clearing  up  doubtful  provisions,  than 
to  correcting  abuses.  The  abandonment  or  complete  collapse  of  all 
but  six  of  the  forty-nine  districts  organized,  and  the  critical  financial 
difficulties  of  all  but  one  of  those  six,  so  discredited  irrigation  districts 
and  the  securities  they  were  dependent  on  that  friends  of  the  district 
movement,  particularly  those  connected  with  the  few  districts  for  which 
there  was  still  some  hope,  in  1897  set  about  rewriting  the  original  act 
in  such  manner  as  to  make  a  repetition  of  previous  disasters  impossible. 
The  Wright  act  had  not  failed  because  of  what  it  contained  so  mnch 
as  because  of  what  it  did  not  contain.  In  a  time  of  less  speculation 
and  of  less  financial  stress  it  could  have  well  sufficed  in  those  situations 
that  had  inspired  it  and  to  meet  which  it  had  been  drafted.  With 
complications  arising  from  the  speculative  districts  and  from  the  finan- 
cial panic  of  the  nineties  eliminated,  such  districts  as  Modesto,  Turlock, 


^Linda  Vista  District  was  involved  in  litigation  from  the  start,  including:  obstruct 
tion  suits,  suiti?  to  enjoin  tax  sales,  a  suit  by  the  city  of  San  Diego  to  be  relieved 
from  district  taxes  (first  decided  in  favor  of  the  city,  but  reversed  by  the  supreme 
court  in  »Sfan  Diego  vs.  Linda  Vista  Irrigation  District,  108  Cal.  189),  suits  to 
enforce  the  payment  of  bond  coupons  and  warrants,  an  individual  suit  to  dissolve 
the  district,  and  quo  warranto  proceedings  to  set  aside  the  district  organization,  the 
latter  being  decided  in  favor  of  the  district  both  in  the  superior  court  and  in  the 
supreme  court  in  People  vs.  Linda  Vista  Irrigation  District,  128  Cal,  477. 
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^ladera  (on  a  smaller  scale),  Alta,  Tulare,  Happy  Valley,  aiid  Browiis 
Valley,  in  Sacramento  and  San  Joaquin  valleys,  and  a  few  in  southern 
California  would  have  succeeded  without  great  difficulty,  for  the  bring- 
ing in  of  water  would  gradually  have  broken  down  local  opposition. 
The  time  had  not  come,  however,  when  communities  unused  to  working 
together  or  to  the  management  of  large  affairs  could  withstand  both 
the  critical  industrial  conditions  of  the  nineties  and  the  bitter  onslaughts 
that  were  made  on  the  basic  act  under  w^hich  they  were  attempting  to 
operate.  The  decision  of  the  United  Statas  supreme  court  sustaining 
the  constitutionality  of  the  Wright  act,^  following  a  decision  in  the 
lower  federal  court  holding  the  act  unconstitutional,^  was  delivered 
November  16,  1896,  after  previoiLs  argument  by  some  of  the  foremost 
lawyers  of  the  times,  including  a  former  president.  Thus,  those  who 
went  to  the  legislature  of  1897  with  a  redraft  of  the  act  did  so  with 
knowledge  that  its  fundamental  principle  was  at  last  unassailable. 

The  essential  character  of  the  Wright  act  was  not  affected  by  the 
amendments  of  1897.  While  the  original  act  was  repealed,  the  new- 
act  was  in  many  of  its  provisions  but  a  slight  verbal  revision  of  the 
old  one,  with  the  three  separate  confirmation,  inclusion,  and  exclusion 
acts  of  1889  added.  Radical  changes  were,  however,  made  in  the  pro- 
cedure for  organization  and  for  incurring  indebtedness.  Instead  of 
giving  to  fifty  or  a  majority  of  the  landowners  in  any  proposed  district 
the  right  to  initiate  such  district  before  the  supervisors,  the  amended 
act  required  **a  majority  in  number  of  the  holders  of  title  or  evidence 
of  title  to  lands  susceptible  of  irrigation  from  a  common  source  and 
by  the  same  system  of  works,  representing  a  majority  in  value  of  the 
lands,"  and  for  the  former  provisions  permitting  the  boards  of  directors 
to  call  bond  elections  and  to  ac(iuire  water  rights  and  works  and  other 
property  necessary  therefor  without  restriction,  the  amended  act  pre- 
scribed that  a  petition  signed  by  a  majority  of  the  landowners,  repre- 
senting a  majority  in  value  of  the  lands,  should  precede  the  calling 
of  any  bond  election  and  any  purchase  of  works  or  other  real  property 
at  a  price  exceeding  $10,000.00.'' 


*FaUbrook  Irrigation  District  vs.  Bradley,  1()4  U.  S.  112. 

^Bradley  et  aL  vs.  Fallbrook  Irrigation  District  ct  al,  (jS  Fed.  94S. 

'Among  the  more  important  of  the  other  new  featuros  in  the  act  of  1807  were 
the  following:  Provision  for  right  of  appeal  to  superior  court  on  order  of  super- 
visors on  organization  petition ;  provision  for  contest  of  elpction  on  organization ; 
provisions  for  consolidation,  where  desirable,  of  certain  offices  and  for  fixing  by 
boArdJS  of  directors  of  bonds  of  treasurer  and  collector ;  provision  for  annual  financial 
statements ;  provision  that  directors  need  not  reside  in  division  from  whicii  elected ; 
provision  that  asse-ssments  to  complete  works  when  there  should  he  no  money  in  the 
construction  fund  and  no  bonds  should  be  voted  could  only  be  levied  after  first  having 
been  approved  by  a  majority  vote  of  the  electors;  exemption  of  district  property  from 
state  and  county  or  municipal  taxes;  provision  that  bonds  should  bear  five  instead 
of  six  per  cent,  that  they  could  not  be  sold  below^  pur,  and  that  they  should  be  paiti 
from  the  twenty-first  to  the  thirtieth  yeai*s  instead  of  from  the  eleventh  to  the 
twentieth.  In  addition,  the  act  of  1SJ>7  omitted,  among  other  things,  the  former 
provision  that  district  bonds  could  be  used  at  their  par  value  in  payment  for  lands, 
water  rights,  etc. 
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IBBIOATION  DISTRICT  LEGISLATION  SINCE  THE 

ACT  OF  1897. 

Attention  has  already  been  called  to  the  revision  of  the  Wright  act 
of  1887  that  was  embodied  in  the  act  of  1897.  The  restrictions  imposed 
by  the  amended  act  on  the  organization  of  irrigation  districts  and  on 
the  incurring  of  indebtedness  by  boards  of  directors  were  planned 
virtually  to  stop  new  development  under  the  law,  and  for  more  than 
ten  years  that  was  their  eflEect.  The  legislature  that  substituted  the 
amended  law  for  the  original  Wright  act  also  passed  what  is  known 
as  the  funding  act^  under  which  irrigation  districts  were  permitted  to 
discharge  their  indebtedness  with  new  bonds.^  For  the  next  four  years 
the  law  was  left  unaltered,  but  beginning  in  1901  and  more  particularly 
in  1909,  1911,  1913,  and  1915,  amendments  and  supplementary  acts 
were  adopted  that  have  greatly  changed  and  strengthened  it,  and 
while  it  is  not  yet  in  the  final  form  desired  by  some  of  its  friends  it 
stands  in  many  particulars  as  tested,  workable,  and  satisfactory.  Many 
of  the  changes  that  have  been  made  have  dealt  mainly  with  matters  of 
routine  and  detail.  Some  have  been  intended  to  meet  the  needs  in 
individual  districts.  The  more  important  of  the  changes  of  general 
application  are  summarized  below. 

BONDS. 

The  first  amending  act  affecting  bonds  was  passed  in  1901'  and 
related  only  to  the  funding  act  of  1897.  This  act  amended  three  sec- 
tions of  the  funding  act  and  repealed  six  sections.  Thereafter  no 
legislation  was  enacted  affecting  bonds  until  1911,  when  the  first  statute 
was  passed  providing  for  investigation  and  report  on  bonding  issues 
by  a  state  commission,  composed  of  the  attorney  general,  the  state 
engineer,  and  the  superintendent  of  banks.  This  initial  act  did  not 
prove  satisfactory  and  it  was  superseded  a  few  months  later  by  a 
new  act,*  but  this  in  turn  was  superseded  in  1913,*  and  was  slightly 
amended  in  1915.^  The  enactment  of  1913  as  amended  in  1915  is  now 
in  force.  In  general  it  provides  that  on  application  from  an  irrigation 
district  the  state  irrigation  commission,  composed  of  the  attorney 
general,  the  state  engineer,  and  the  superintendent  of  banks  shall  inves- 
tigate and  report  on  essential  matters  having  to  do  with  the  water 


'Statutes  181)7.  ohaptor  CT'LIV,  p.  31)4. 

Tnder  this  act  Modesto,  TurhK-k.  and  Alta  districts,  and  some  years  later.  Little 
Rock  Creek  district,  refunded  their  old  indebtedness  and  otherwise  reorganized.  {See 
histories  of  these  districts  in  text.) 

^Statutes  1001,  chapter  CLIX,  p.  .^)14.      • 

^Statutes  1911   (extra  session),  chapter  III,  p.  3. 

'Statutes  1913,  chapter  3t»(»,  p.  7SS. 

"Statutes  1915,  chapter  419. 
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supply  of  such  district,  the  fertility  and  irrigability  of  its  soil,  the 
feasibility  of  its  irrigation  system,  the  market  value  of  its  water  rights 
and  works,  the  market  value  of  the  lands  embraced,  as  to  whether  the 
aggregate  amount  of  the  authorized  bonds  outstanding  or  unsold  exceeds 
60  per  cent  of  the  aggregate  value  of  lands,  waterworks,  etc.,  owned 
or  to  be  built  or  acquired,  and  as  to  the  number  and  amount  of  bonds 
available  for  the  purposes  of  the  act  or  that  may  be  available.  If  the 
report  of  the  commission  is  favorable  the  law^  provides  that  the  bonds 
in  question  shall  be  certified  by  the  state  controller  and  that  all  bonds 
so  certified  shall  be  legal  investments  for  all  trust  funds,  and  for  the 
funds  of  all  insurance  companies,  commercial  and  savings  banks,  trust 
companies,  and  for  state  schocfl  funds,  and  be  placed  on  a  par  with  bonds 
of  municipalities,  counties,  and  school  districts,  as  to  investment  and 
security.  Thus,  in  place  of  the  unlimited  authority  of  boards  of  direc- 
tors, under  the  original  Wright  act,  to  issue  irrigation  district  bonds 
with  no  report  whatever  as  to  feasibility,  the  state  government  has  now 
provided  that  bonds  of  districts  meeting  the  legal  and  financial  require- 
ments of  a  state  commission,  while  not  in  any  way  endorsed  by  the 
state,  shall  be  on  a  par  for  investment  purposes  with  what  are  usually 
classed  as  standard  securities.* 

Changes  in  the  bonding  provision  of  the  district  law  made  in  1913 
were  important  because,  among  other  things,  they  marked  a  beginning 
in  a  larger  measure  of  state  supervision  and  radically  changed  the 
bond  provisions.^  By  amending  section  30  of  the  act  of  1897  they 
provide  that  engineering  estimates  of  tlie  cost  of  new  works  shall  be 
made  by  a  competent  irrigation  engineer  w'hose  report  must  be  sub- 
mitted to  the  state  engineer,  the  latter  to  report  his  conclusions  within 
ninety  days,  particularly  with  reference  to  the  water  supply  available 
and  the  feasibility  of  the  proposed  enterprise.  This  change  was 
modeled  after  the  Idaho  law\  While  it  does  not  give  the  state  engineer 
veto  power  over  a  proposed  bond  issue,  it  requires  his  report  thereon, 
and  it  is  the  presumption  that  no  bond  issue  can  be  voted,  or  if  voted, 
be  sold,  in  the  face  of  an  unfavorable  report  from  the  state  engineer. 
An  amendment  to  section  31  makes  the  bonds  payalile  from  the  21st 
to  the  40th  years  after  issue,  instead  of  from  the  21st  to  the  30th  years 

*The  irriKation  district  commission  has  already  j)assod  favorably  on  bond  issues  for 
South  San  Joaquin,  Oakdale.  Modesto,  Turlock,  Anderson-Cottonwood,  and  San  Ysidro 
districts,  and  has  made  iuvestlKatious,  as  provided  in  the  act,  in  Imperial.  Al])aiijrh, 
and  Terra  Bella  districts.  Since  this  was  first  printed  the  commission  has  passed 
favorably  on  bond  issues  for  Imperial  district. 

•Statutes  1013,  chapter  TmS.  The  lejjislature  of  V,n:\  also  passe<l  the  followiuR : 
Statutes  1913,  chapter  1)0,  p.  107,  amend iu;r  s(Htion  1  of  chapter  522,  Statutes  1007, 
relating  to  dei>osit  of  money  belonpinj?  to  any  county  or  municipality  in  any  bank 
in  the  state,  by  including  irrigation  district  bonds  among  the  bonds  that  may  be 
lawfully  given  as  security  for  such  deposit;  Statutes  11>13,  chapter  07,  p.  101. 
amending  section  670  of  the  Political  Code  to  permit  the  proctH'ds  from  the  sale  of 
state  school  lands  under  certain  conditions  to  be  invested  in  irrigation  district  bonds; 
and  Statutes  1913,  chapter  08,  p.  108,  amending  section  3,  Statutes  1007,  chapter  50, 
p.  67,  to  permit  the  state  treasurer  under  certain  conditions  to  accept  irrigation  dis- 
trict bonds  as  security  for  state  funds. 

i  4 — 28983 
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previously  provided.  The  same  amendment  changes  the  rate  of  interest 
on  irrigation  district  bonds  from  5  per  cent  to  not  to  exceed  6  per  cent, 
the  rate  to  be  determined  by  the  directors.  An  amendment  to  section  62 
removes  the  prohibition  against  the  sale  of  bonds  for  less  than  par  and 
permits  them  to  be  sold  to  the  highest  responsible  bidder.  A  new  sec- 
tion (32^)  provides  that  bonds  authorized  before  the  above  amend- 
ment and  not  sold  may  be  sold  for  less  than  par  if  such  sale  is  sanc- 
tioned at  a  special  election  by  a  two-thirds  vote.  Another  new  section 
(54J)  provides  that  during  the  construction  of  works  under  the  pro- 
ceeds of  a  bond  issue  the  secretary  of  the  district  must  within  a  week 
after  each  regular  board  meeting  send  to  the  state  engineer  copies  of 
all  reports  on  works  under  way,  together  with  a  financial  statement, 
and  gives  authority  to  the  state  engineer  to  examine  the  affairs  of  the 
district  at  any  time  and  to  call  for  special  information  and  reports 
thereon.^ 

A  bond  amendment  made  in  1915^  provides  that  in  all  cases  subse- 
quent to  January  1,  1910,  where  directors  have  passed  a  resolution  call- 
ing for  a  bond  election  and  where  four-fifths  of  the  electors  voting  have 
favored  such  issue,  and  the  directors  have  provided  for  it,  all  proceed- 
ings connected  therewith  and  all  bonds  sold  hitherto  or  later  are  valid. 

ORGANIZATION. 

The  sections  of  the  act  of  1897  relating  to  organization  were  amended 
in  1909,3  1911,*  1913,°  and  1915.'^  The  most  important  of  the  amend- 
ments were  made  in  1911  and  1913.  In  1911  holders  of  possessory 
rights  under  receipts  or  other  evidence  of  the  rights  of  entrymen  or 
purchasers  under  any  law  of  the  United  States  or  of  California  were 


*The  legislature  of  1915  adoptod  a  number  of  important  amendments  to  the  district 
act  covering,  among  other  things,  matters  pertaining  to  organization,  co-operation 
with  the  federal  government,  and  supervision  by  the  state  engineer,  (ii^sembly 
Bill  No.  1188.)  Just  before  the  end  of  the  session  a  new  section  was  added,  in 
the  interest  of  the  proi)os<^'d  development  in  San  Joaquin  Valley,  which  woald  make 
a  petition  for  the  organization  of  a  district  sufficient  if  it  should  be  signed  by  60  per 
cent  of  the  holders  of  title  or  evidence  of  title  to  the  lands  to  be  included,  provided 
such  GO  per  cent  should  represent  25  per  cent  in  value  of  such  land.  Opposition 
to  this  proposed  new  section  and  to  at  l«\ist  one  other  feature,  of  relatively  minor 
general  importance,  i)revonted  the  measure  from  receiving  executive  approval. 
The  bill  gave  the  state  engineer  veto  power  over  the  organization  of  new  aistrict8. 
Section  18  of  the  act  of  ISUI  was  amended  to  provide  that  water  should  be  appor- 
tioned ratably  only  **as  far  as  practicable,"  and  the  right  of  assigning  the  share  doe 
any  taxpayer  was  taken  away.  Section  JJO  was  amended  to  make  more  specific 
former  provisions  regarding  the  reivort  of  the  state  engineer  on  bond  issues;  also  the 
petition  necessary  prior  to  railing  of  a  bond  election  was  eliminated  and  the  number 
of  votes  necessary  to  carry  a  l)ond  election  was  changed  fronoi  a  majority  to  two- 
thirds.  Section  ri4A  was  amonded  to  provide  more  specifically  than  before  for  reports 
to  the  state  engineer  r)f  i)rogress  on  work  iMMug  don(>  with  the  proceeds  of  bond  issues 
and  a  new  section  (54/)  made  it  the  duty  of  the  state  engineer  to  give  information 
to  persons  contemplating  the  formation  of  new  districts  and  also  to  advise  freely 
with  the  governing  boards  of  organized  districts.  In  all  the  bill  amended  seventeen 
sections  of  the  act  of  1S1>7  and  added  four  new  sections. 

"Statutes  1915,  chapter  5<.^7. 

•■'Statutes  1J)09,  chapter  22,  p.  12. 

^Statutes  1J>11,  chapter  317;  Statutes  1911   (extra  session),  chapter  36,  p.  139. 

^Statutes  1913,  chapter  578. 

"Statutes  1915,  chapter  IUM>. 
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made  eligible  to  sign  a  petition  for  the  formation  of  an  irrigation  dis- 
trict. At  the  extra  session  of  1911  section  4  was  amended  to  abolish  all 
right  of  appeal  from  the  finding  of  the  board  of  supervisors  as  to  the 
genuineness  and  suflScieney  of  a  petition  and  notice  for  organization, 
except  by  the  state  itself.  The  principal  change  in  organization  pro- 
cedure was  made  in  1913,  sections  2  and  3  being  amended  to  provide 
that  copies  of  petitions  to  boards  of  supervisors  for  the  formation  of 
irrigation  districts  shall  be  filed  in  the  oflBce  of  the  state  engineer 
together  with  copies  of  resolutions  of  the  supervisors  relating  thereto, 
and  also  to  provide  for  a  report  by  the  state  engineer  as  to  **  whether 
any  condition  or  conditions  exist  that  would  justify  him  in  reporting 
against  the  organization  of  the  proposed  district.''  The  amendment 
gives  the  state  engineer  but  thirty  days  in  which  to  file  his  report,  and 
it  is  to  be  noted  that  the  report  called  for  is  merely  a  negative  one. 
These  provisions,  like  those  having  to  do  with  the  report  by  the  state 
engineer  on  proposed  bond  issues,  already  cited,  were  patterned  after 
the  Idaho  law.  If  the  state  engineer  reports  unfavorably  as  to  the  feasi- 
bility of  a  proposed  district  no  further  action  can  be  taken  by  the  super- 
visors unless  they  be  requested  in  writing  by  three-fourths  of  the  holders 
of  title  or  evidence  of  title  to  grant  the  petition ;  except  that  in  lieu  of 
such  request  the  supervisors  may  modify  the  plans  in  accordance  with 
recommendations  by  the  state  engineer.  The  act  providing  this  super- 
vision by  the  state  engineer  also  amended  section  61  to  provide  that 
before  the  collection  of  any  assessment  in  any  district  the  directors  may 
incur  indebtedness  up  to  $2,000.00  for  districts  containing  4,000  acres 
or  under,  or  in  the  case  of  districts  exceeding  4,000  acres,  to  one-half  as 
many  dollars  as  there  are  acres  in  the  district,  up  to  $50,000.00,  war- 
rants bearing  7  per  cent  per  annum  (changed  by  Statutes  1915, 
chapter  696,  to  not  to  exceed  7  per  cent)  to  be  issued  in  payment  of  such 
indebtedness.  A  further  addition  to  this  section  in  1911  specified  that 
demand  warrants  presented  when  no  funds  were  available  should  bear 
interest  at  the  rate  of  5  per  cent ;  also  that  whenever  money  was  avail- 
able for  payment  of  all  outstanding  demand  warrants  or  whenever  the 
directors  ordered  that  all  warrants  presented  for  payment  prior  to  a 
certain  date  be  paid  and  money  was  available  therefor,  interest  thereon 
should  cease  with  the  first  date  of  publication  of  notice  of  these  facts. 
By  statute  of  1915*  the  5  per  cent  rate  of  interest  on  demand  warrants 
after  presentation  for  payment  was  changed  to  a  rate  to  be  determined 
by  the  board  of  directors,  but  not  exceeding  7  per  cent.  The  amend- 
ment affecting  organization  made  in  11?15  among  other  things  specifies 
that  lands  covered  in  an  organization  petition  need  not  consist  of  con- 
tiguous parcels  and  that  in  certain  cases  the  ''actual"  owners  of  prop- 
erty shall  be  considered  the  owners  for  all  of  the  purposes  of  the  act, 

'Statutes  1915,  chapter  696. 
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that  owners  of  undivided  interests  may  sign  for  such  interests  and  that 
each  owner  shall  be  considered  as  one  assessment  payer,  and  that 
guardians,  executors,  administrators,  or  other  persons  holding  property 
in  a  trust  capacity  may  sign  any  petition  provided  for  in  the  act  when 
authorized  to  do  so.  Section  72  is  amended  to  provide  that  in  confirma- 
tion proceedings  all  findings  of  fact  or  conclusions  of  boards  of  direc- 
tors or  of  boards  of  supervisors  shall  be  conclusive  unless  contested 
within  six  months  after  such  findings  or  conclusions  are  made. 

ELECTIONS. 

A  number  of  changes  have  been  made  in  the  procedure  covering  elec- 
tions in  irrigation  districts.     In  1909^  two  sections  were  amended  in 
matters  of  detail.     In  1915-  an  addition  was  made  to  section  19  pro- 
viding that  if  an  election  for  officers  is  not  held  as  provided  by  law  a 
special  election  shall  be  called  on  petition  of  10  per  cent  of  the  electors 
residing  within  the  district.     This  amendment  was  made  to  meet  a  situa- 
tion in  one  of  the  old  districts  organized  in  San  Bernardino  County. 
Up  to  1915  section  5,  relating  to  election  of  the  first  board  of  directors, 
provided  that  if  requested  in  the  organization  petition  to  do  so,  boards 
of  supervisors  might  provide  for  three  instead  of  five  directors,  to  be 
elected  by  divisions  or  at  large,  as  specified  in  the  petition.     Section  28 
formerly  permitted  boards  of  directors,  on  petition  of  a  majority  of  the 
holders  of  title  or  evidence  of  title  of  a  district,  to  change  the  number  of 
directors  to  three  or  five,  to  be  elected  by  divisions  or  at  large  as 
petitioned.     By  amendment  in  1915^  such  action  is  made  mandatory  on 
petition  rather  than  permissive,  but  it  is  provided  that  if  elected  at  large 
the  directors  shall  nevertheless  be  elected  to  represent  separate  divisions, 
of  which  they  shall  be  residents.     It  is  to  be  noted  that  section  26, 
which  has  not  been  changed,  specifies  that  a  director  shall  be  a  resident 
and  freeholder  of  the  irrigation  district  but  not  necessarily  of  the 
division  for  which  elected.     It  is  also  to  be  noted  that  in  practice,  direc- 
tors of  all  present  California  irrigation  districts  are  residents  of  their 
respective  divisions. 

Two  innovations,  so  far  as  concerns  irrigation  districts,  that  may  be 
classed  with  sections  dealing  with  elections  were  adopted  by  the  Cali- 
fornia legislature  in  1909  and  1911  (extra  session) — nomination  by 
petition,  and  the  recall.  Prior  to  1909  the  law  made  no  provisions  for 
nominations,  but  specified  in  section  22  that  the  provisions  of  the 
•general  elcvtion  laws  should  not  apply  to  irrigation  district  elections. 
Sections  22a  and  22b  were  added  in  1909,^*  specifying  that  ballots  be 


'Statutes  ItHII),  chapter  iWYl. 

^Statutes  11)1. >,  chapter  (»77. 

'Statutes  lf)ir>,  chapter  GtX;. 

^Statutes  1909,  chapter  6J>2. 
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provided  with  the  names  of  candidates  and  that  nominations  can  be 
made  by  petition  of  ten  or  more  electors.  At  the  extra  session  of  1911^ 
section  28J  was  added  providing  for  the  recall  of  any  elective  oflScer  at 
any  time.  Under  this  amendment  a  number  of  recall  elections  have 
been  held  in  Modesto  and  Turloek  districts,  and  one  has  been  held  in 
Oakdale  district,  but  only  in  two  instances  has  such  an  election  been 

successful. 

EXCLUSION  OF  LANDS. 

By  an  amendment  to  section  78  of  the  act  of  1897  adopted  in  1905^  a 
former  provision  that  no  lands  within  city  or  town  limits  and  no  lands 
subdivided  therefor  should  be  excluded  from  irrigation  districts  was 
eliminated.  A  further  amendment  to  the  same  section  in  1913'*  pro- 
vided that  lands  irrigated  by  underground  pumped  waters  and  benefited 
by  subirrigation  from  district  irrigation  or  drainage  works  can  not 
claim  exclusion,  but  that  they  shall  be  assessable  only  for  interest  and 
principal  of  bonds  if  thus  irrigated  at  the  time  of  organization  and  still . 
exclusively  so  irrigated  each  year.  This  amendment  was  passed  to  meet 
a  situation  in  South  San  Joaquin  district  where  the  court  of  appeals 
had  held  that  a  certain  landowner  having  a  pumping  plant  was  entitled 
to  have  his  land  excluded*  A  third,  relatively  unimportant,  amend- 
ment to  the  same  section  was  adopted  in  1915.' 

INCLUSION  OF  LANDS. 

The  provisions  of  the  act  of  1897  relating  to  inclusion  of  lands 
received  their  first  amendment  in  1915.'^  A  series  of  provisos  was  added 
to  section  90  permitting  adjacent  public  land  to  be  included  without  a 
petition  and  specifying  that  where  the  inclusion  of  land  would  injure 
land  already  in  a  district  by  the  impairment  of  its  water  right  or  by 
increasing  the  expense  of  water,  a  priority  of  water  right  for  the  lands 
already  in  or  additional  annual  payments  or  other  just  consideration 
from  the  lands  to  be  included  may  be  prescribed  as  conditions  to  inclu- 
sion. Section  91  was  amended  to  reiiuire  petitioners  for  inclusion  to 
furnish  an  undertaking  conditional  on  the  failure  of  the  inclusion 
elections. 

SALARY  OF  DIRECTORS. 

The  act  of  1897  allowed  directors  three  dollars  per  day  for  time 
employed  in  district  business.  An  amendment  in  1909^  substituted 
four  dollars  per  day  and  an  allowance  of  ten  cents  per  mile  traveled 
'  .    -      I      .'lliUi 

'Statutes  11>11    (extra  st^ssion),  chniitcr  .*U,  p.   VW 

'StatutPM  1JM)5,  chapter  XXXIII.  ]>.  27. 

'Statutes  V.nX  tliapter  ;jr>7.  i).  TSl. 

*Harehon  vs.  Hotith  San  Joaquin  frriaation  DLstriH  tt  ah,  ILJS  Par.  10 10. 

•Statutes  Hn5.  chapter  r.(M;. 

•Statutes  lino,  chapter  \\\M\. 

'Statutes  1909.  chapter  (JOli. 
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from  the  residences  of  the  directors  to  the  oflSce  of  the  board.  A 
further  amendment  in  1915^  adds  a  proviso  that  in  irrigation  districts 
containing  500,000  acres  or  more,  directors  shall,  in  lieu  of  a  per  diem 
allowance,  each  receive  $150.00  per  month.  This  amendment  was  added 
at  the  instance  of  Imperial  district  which  at  present  is  the  only  one  to 
which  it  can  refer. 

LEASE  OF  PROPERTY. 

A  statute  passed  in  1901^  added  section  15^  to  the  act  of  1897, 
providing  that  boards  of  directors  may  lease  the  canal  system  of  a 
district.  This  amendment  was  made  at  the  instance  of  those  seeking 
to  take  over  the  canal  of  the  old  Central  irrigation  district  in  Sacra- 
mento Vallev.  This  section  was  amended  in  1911'  to  extend  the 
authority  for  lease  of  a  system  to  any  part  thereof. 

DISSOLUTION. 

The  original  Wright  act  provided  no  means  for  the  dissolution  of 
irrigatiop  districts  and  when  an  effort  was  made  to  dissolve  Selma 
district  shortly  after  its  formation,  the  superior  court  of  Fresno  County 
held  that  it  had  no  jurisdiction  because  of  the  lack  in  the  Wright  act. 
This  decision  was  affirmed  by  the  supreme  court  in  May,  1893,  which 
held  that  the  general  power  of  the  courts  to  decree  a  dissolution  of 
irrigation  districts  was  no  greater  than  in  the  case  of  municipal  cor- 
porations proper,  which  the  courts  had  no  power  to  dissolve  for  failure 
to  accomplish  tlie  purpose  of  their  organization.*  A  supplemental  act 
covering  disorganization  was  passed  in  1893  and  amended  in  1897, 
but  was  not  incorporated  in  the  general  act  of  1897,  although  probably 
not  repealed  by  it.  The  matter  was,  however,  covered  by  a  supple- 
mentary act  in  ]fM);3/'  and  this  act  was  amended  in  1909,**  1911,"  1913,® 
and  1915."  An  amendment  to  the  main  irrigation  district  act  of  1897, 
which  adds  section  47i,  makes  a  further  slight  change.  Under  the  act 
as  amended  dissolution  of  a  district  may  be  proposed  by  a  majority  of 
the  real  property  owners  representing  a  majority  in  value  thereof. 
The  petition  of  these  owners  must  set  forth  all  indebtedness  of  the 
district  other  than  that  barred  by  law  prior  to  filing,  the  estimated  cost 
of  the  dissolution,  all  a.ssets  of  the  district,  and  the  proposed  proposition 
for  settlement,  if  assented  to  by  the  creditors  of  the  district,  or  if  a 
provision  is  made  for  the  payment  of  creditors  not  assenting.    The 
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question  of  dissolution  is  then  referred  to  an  election  which  requires 
a  two-thirds  aflfirmative  vote  to  carry,  after  which  it  is  in  the  hands  of 
the  court.  Section  7  of  the  act  provides  that  a  corporation  may  be 
organized  to  acquire  the  assets  and  operate  the  irrigation  system  of  a 
district  proposing  to  dissolve.  Under  this  act  at  least  fifteen  of  the 
old  Wright  districts  have  been  dissolved. 

ASSESSMENTS. 

An  act  of  1909^  permits  boards  of  directors  of  irrigation  districts 
to  pro\'ide  for  the  payment  of  assessments  in  two  installments  instead 
of  one.  It  is  specified  in  this  act  that  assessments  levied  under  sec- 
tion 34  of  the  act  of  1897,  providing  for  completion  of  works,  shall  not 
be  affected.  Otherwise,  upon  petition  of  a  majority  of  the  assessment 
payers  in  a  district  the  board  of  directors  may  provide  that  assessments 
be  paid  in  two  installments  instead  of  one.  By  another  act,^  section  35 
of  the  act  of  1897,  relating  to  the  duties  of  the  assessor,  is  amended  to 
provide  that  improvements  on  any  lands  or  town  lots  within  an  irriga- 
tion district  shall  be  exempt  from  taxation  for  any  of  the  purposes 
mentioned  in  the  irrigation  district  act  and  the  word  ** improvements" 
is  defined  to  include  trees,  vines,  alfalfa,  all  growing  crops,  and  all 
buildings  or  structures,  with  the  proviso  that  the  exemption  of  improve- 
ments for  taxation  shall  not  apply  in  districts  organized  at  the  time  of 
this  amendment  without  the  approval  by  a  majority  vote  of  the  resident 
holders  of  title  to  lands  within  the  district  subject  to  taxation  therein. 
Another  statute  of  1909^  provides  that  in  the  annual  levying  of  assess- 
ments sufficient  shall  be  included  to  pay  in  full  the  amount  of  any 
contract  or  obligation  of  a  district  which  shall  have  been  reduced  to 
judgment.  A  statute  of  1911'*  amends  section  39  of  the  act  of  1897  by 
requiring  that  in  the  annual  levying  of  assessments  the  boards  of 
directors  shall  add  sufficient  to  pay  in  full  all  sums  due  or  that  shall 
become  due  from  the  distri(;t  before  the  time  for  levying  the  next 
annual  assessment  on  account  of  rentals  or  charges  for  lands,  water, 
or  water  rights  acquired  under  lease  or  contract.  Another  statute 
in  1911**  amends  section  59  of  the  act  of  1897,  which  relates  to  special 
assessments,  by  adding  three  provisos  at  the  end  thereof:  (1)  that 
four-fifths  of  the  board  of  directors  of  a  district  may  by  resolution 
levy  in  any  one  year  an  assessment  up  to  two  per  cent  of  the  assessed 
valuation  within  the  district,  but  not  exceeding  $75,000.00  without 
a  special  election;  (2)  that  a  vote  must,  however,  be  taken  on  such 
assessment  on  petition  of  15  per  cent  of  the  qualified  voters  in  the 
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district  voting  at  the  last  preceding  general  election  in  the  district; 
and  (3)  that  in  case  of  an  unexpected  emergency  by  which  the  flow 
of  water  in  the  district  canal  is  interrupted,  an  indebtedness  may  by  a 
four-fifths  vote  of  the  board  be  incurred  not  exceeding  $40,000.00  in 
any  one  year.  A  statute  in  1913*  further  amends  section  39,  relating 
to  the  levying  and  collection  of  assessments,  by  providing  among  other 
things,  that  it  shall  be  the  duty  of  the  district  attorney  of  each  county 
in  which  the  oflSce  of  any  irrigation  district  is  located,  to  ascertain  each 
year  whether  the  duties  relating  to  the  levying  and  collection  of  assess- 
ments have  been  performed  and  on  showing  of  neglect  to  so  notify  the 
board  of  supervisors  or  other  officials  re(iuired  to  perform  such  duties, 
and  that  on  failure  of  the  supervisors  or  other  officials  to  perform  the 
neglected  duties  the  district  attorney  shall  take  such  action  in  court 
as  may  be  necessary  to  compel  performance,  provided  that  for  the 
enforcement  of  the  levying  and  collection  of  any  assessment  **  here- 
after required  to  be  levied  and  collected"  for  the  payment  of  any  debt 
** hereafter  incurred,"  the  attorney  general  of  the  state  shall  take  appro- 
priate action  on  failure  of  the  district  attorney  to  do  so.  A  further  act 
in  1913-  amends  sections  41  and  43  by  providing  that  the  penalty  on 
delinquent  assessments  shall  be  10  per  cent  instead  of  5  per  cent  of  the 
amount  thereof.  A  statute  passed  in  1909'^  amended  section  47  by 
providing  that  redemptions  of  property  sold  for  district  taxes  could 
be  made  within  five  years  from  the  date  of  sale  or  at  any  time  there- 
after before  a  deed  had  been  made  and  delivered,  in  place  of  the  two- 
year  period  previously  allowed;  also  that  where  property  had  been 
sold  to  the  district  it  might  be  redeemed  at  any  time  before  the  district 
had  disposed  of  it.  A  further  amendment  in  1915*  provides  that 
directors  may  direc^t  the  district  collector  not  to  sell  property  on  a 
delinquent  list,  but  in  lieu  thereof  to  sue  the  owners  in  the  districts 
named  for  collection.  A  supplementary  statute  passed  in  1913'  amends 
section  3653  of  the  Political  Code  by  providing  that  on  request  county 
assessors  must  furnish  to  irrigation  districts  copies  of  assessment  rolls 
covering  lands  therein. 

POWERS  OF  DIRECTORS. 

Changes  relating  to  powers  of  directors  of  irrigation  districts  have 
been  made  in  1911.  1913.  and  1915.  The  amendment  in  1911*  permits 
districts  to  acquire  and  hold  the  stock  of  other  corporations  owning 
waters,    canals,    waterworks,   franchises,   concessions,   or  rights.     The 
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change  made  in  1913  was  in  the  form  of  a  constitutional  amendment 
which  was  adopted  by  the  people  in  November,  1914.  It  authorizes 
irrigation  districts,  ''for  the  purpose  of  acquiring  the  control  of  any 
entire  international  water  system  necessary  for  its  use  and  purposes,  a 
part  of  which  is  situated  in  the  United  States,  and  a  part  thereof  in  a 
foreign  country,*'  to  acquire  the  stock  of  any  foreign  corporation 
**  which  is  the  owner  of,  or  which  holds  the  title  to  the  part  of  such 
system  situated  in  a  foreign  country."^  This  amendment  was  adopted 
to  enable  Imperial  irrigation  district  to  acquire  that  portion  of  the 
irrigation  system  of  the  California  Development  Company  that  is 
situated  in  Mexico.  The  same  purpose  actuated  two  amendments  to  the 
district  law  adopted  in  1915^  adding  section  61  &  and  section  61r.  The 
former  permits  directors  of  irrigation  districts  of  over  500,000  acres  to 
acquire  by  purchase  or  condemnation  an  irrigation  system  supplying 
lands  therein  and  where  a  part  of  such  system  lies  outside  of  .the  state, 
to  exchange  district  bonds  for  all  or  a  portion  of  the  system  or  for 
interest  in  or  stock  of  a  corporation  owning  such  system;  the  latter 
provides  that  where  directors  have  exchanged  or  agreed  to  exchange 
district  bonds  for  property  rights  as  authorized  in  the  previous  section 
the  court  shall  in  any  proceeding  under  its  provisions  determine  the 
validity  of  all  bonds  issued  or  to  be  issued  under  contracts  for  such 
exchange. 

MISCELLANEOUS   SPECIAL  AND   SUPPLEMENTARY  ACTS. 

In  addition  to  amendments  to  the  act  of  1897  a  number  of  special 
and  supplementary  acts  have  been  passed  affecting  the  irrigation  dis- 
trict law  of  the  state. 

Drainage. — A  statute  of  1907^  provides  that  irrigation  districts  may 
provide  for  drainage  under  the  same  laws  that  permit  them  to  finance 
and  construct  irrigation  works.  Under  this  act  drainage  works  have 
been  built  by  Modesto  and  Turlock  districts  and  a  beginning  has  been 
made  in  South  San  Joaquin  district. 

Power, — A  statute  of  1911*  amended  section  1410  of  the  Civil  Code 
of  California  relating  to  rights  to  water  whicli  may  be  acquired  by 
appropriation  by  providing  that  no  water  for  power  may  be  appro- 
priated for  more  than  twenty-five  years  except  by  a  municipal  cor- 
poration other  than  an  irrigation  or  lighting  district,  or  by  an  irrigation 
district  when  for  subsidiary  use  within  its  own  limits,  etc.  This  act  has, 
however,  been  superseded  by  the  water  commission  act  of  1913.° 


^Session  Laws  1013,  constitutional  amendmonts  and  concurrent  and  joint  resolu- 
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Agricultural  Expert. — A  statute  of  1913^  authorizes  boards  of  direc- 
tors of  irrigation  districts  to  employ  agricultural  experts  and  assistants 
to  supervise  the  construction  of  works,  advise  with  fanners,  and  conduct 
experiments. 

Water  Districts. — An  act  known  as  the  ''California  Irriojation  Act,"- 
which  seeks  to  provide  a  policy  relating  to  storage,  diversion,  and  use 
of  water,  in  cooperation  between  the  state  and  the  United  States  or 
otherwise,  authorizes  irrigation  districts  to  reorganize  under  such  act. 
This  legislation  was  passed  primarily  in  the  interests  of  what  is  known 
as  the  **Iron  Canyon  Project"  in  upper  Sacramento  Valley  and  was 
amended  to  permit  irrigation  districts  to  reorganize  under  it  at  the 
instance  of  some  of  those  seeking  to  consolidate  into  a  number  of 
cooperating  irrigation  districts  all  of  the  irrigation  systems  taking 
water  from  Kings  River. 

Legislative  Validation  of  Irrigation  Districts. — ^Beginning  in  1911 
irrigation  districts  in  California  have  adopted  the  practice  of  obtaining 
special  legislative  acts  of  validation.  Such  acts  were  passed  affecting 
Turlockdistrict,''  Oakdale  district,*  ]\Icdesto  district,*^  South  San  Joa- 
quin district,®  and  Imperial  district^  in  1911;  San  Ysidro  district  in 
1913**;  and  Anderson-Cottonwood  district,®  Oakdale  district,*^  La  Mesa, 
Lemon  Grove,  and  Spring  Valley  district, ^^  and  Waterford  district,'^ 
in  1915. 

Flood  Protection. — An  emergency  act  passed  in  1915^^  in  the  interest 
of  Imperial  district  provided  that  districts  having  an  area  of  more 
than  500,000  acres  shall  have  authority  to  construct  levees  and  protect 
the  lands  within  such  districts  from  damage  resulting  from  floods. 
For  that  purpase  directors  of  such  districts  are  given  authority  to 
spend  money  jointly  with  other  agencies  or  alone,  and  it  is  provided  that 
when  bonds  for  flood  protection  have  been  authorized  but  not  sold, 
directors  may  borrow  the  amount  of  such  bonds  and  repay  the  loan 
out  of  bond  sales,  and  in  addition  may  borrow  in  any  one  year  up  to 
$200,000.00  at  interest  not  exceeding  7  per  cent.  Under  this  act 
Imperial  district  borrowed  $200,000.00  in  the  spring  of  1915  for 
cooperiation  with  the  federal  government  and  for  independent  action 
in  flood  control. 
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Imperial  District  Bond.^. — A  special  act  of  1915^  validated  an 
Imperial  district  bond  issue  of  $3,500,000.00,  dated  January  1,  1915. 
This  act  was  intended  to  assist  Imperial  district  in  its  negotiations  for 
the  purchase  of  the  property  of  the  California  Development  Company. 

Purchase  of  System  by  Imperial  Irrigation  District. — A  special  act 
of  1915^  authorized  Imperial  irrigation  district  to  condemn  or  pur- 
chase the  system  of  the  California  Development  Company  in  California 
and  the  stock  of  the  Mexican  corporation  owning  the  portion  of  the 
system  that  lies  in  Mexico,  and  in  this  connection  to  exchange  district 
bonds  not  exceeding  in  amount  $3,000,000.00. 

Const  it  utio7ial  Amendments. — The  constitution  of  California  has 
been  amended  six  times  since  1902  in  the  interest  of  irrigation  districts, 
or  in  such  manner  as  to  affect  irrigation  districts,  or  a  single  district. 
Section  If  of  Article  XIII,  as  approved  November  4,  1902,  exempts 
irrigation  district  bonds  from  taxation  within  California.  Section  13i 
of  Article  XI,  as  approved  November  6,  1906,  permitted  irrigation  dis- 
tricts to  make  their  bonds  payable  at  any  place  within  the  United  States 
designated  in  said  bonds.  This  section  was  further  amended  November 
3,  1914,  to  permit  irrigation  districts  to  make  their  bonds  and  the 
interest  thereon  payable  **at  any  place  or  places  within  or  outside  of 
the  United  States,  and  in  any  money,  domestic  or  foreign,  designated 
in  said  bonds.''  Section  16^  of  Article  XI,  as  approved  November  5, 
1912,  permits  California  irrigation  district  bonds  to  be  deposited  as 
security  for  state,  county,  or  municipal  funds. 

Section  13  of  Article  XI,  as  approved  November  3,  1914,  permits 
the  legislature  to  provide  *'for  the  supervision,  regulation  and  conduct, 
in  such  manner  as  it  may  determine,  of  the  affair.s  of  irrigation  dis- 
tricts *  •  *.''  Finally,  section  31  of  Article  IV,  as  approved 
November  3,  1914,  provides  **that  irrigation  districts  for  the  purpose 
of  acquiring  the  control  of  any  entire  international  water  system  neces- 
sary- for  its  use  and  purposes,  a  part  of  which  is  situated  in  the  United 
States  and  a  part  thereof  in  a  foreign  country,  may,  in  the  manner 
authorized  by  law,  acquire  the  stock  of  any  foreign  corporation,  whidi 
is  the  owner  of,  or  which  holds  the  title  to,  the  part  of  such  system 
situated  in  a  foreign  country,'* — an  amendment  purely  in  the  interest 
of  Imperial  irrigation  di.strict,  and  designed  to  permit  it  to  acquire 
full  control  of  the  works  of  the  California  Development  Company  lying 
in  Mexico. 


'Statutes  1915,  chapter  17. 
'Statutes  1915,  chapter  172. 


60  IRRIGATION   INVESTIGATIONS  IN   CALIFORNIA. 


STATUS  OF  CALIFORNIA  DISTRICTS  JULY  1,  1915.' 

Altoji^ether  fifty-seven  irrigation  distriets  have  been  organized  in 
California  si  nee  the  passa^^c  of  the  Wrijrlit  act  in  1887,  of  which  nine 
have  l)een  formed  since  the  passage  of  the  act  of  1897.  Counting  eight 
of  the  old  districts — Browns  Valley,  ^lodesto,  Turlock,  Alta,  Tulare, 
Little  Rock  Creek,  Bi^  Rock  Creek,  and  Walnut — ^seventeen  out  of  the 
fifty-seven  are  in  existence  and  twelve  are  operating.  Of  the  remaining 
five.  Big  Rock  Creek  district  has  just  been  revived,  Anderson-Cotton- 
wood, La  ]\resa.  Lemon  Grove  and  Sprinjr  Valley,  and  Imperial,  although 
fully  organized  and  although  they  have  all  voted  bonds,  have  not  yet 
become  operating  districts,  and  Waterford  and  Alpaugh  have  not  yet 
adopted  plans  or  voted  bonds. 

In  the  following  pages  a  somewhat  detailed  account  is  given  of  the 
status  of  the  sixteen  present  active-  districts,  with  emphasis  laid  rather 
on  management  than  on  works.  That  the  people  of  the  best  California 
irrigation  districts  are  developing  a  reasonable  eflficiency  in  handling 
their  district  business  problems  there  can  be  no  question;  yet  it  is  by 
no  means  certain  that  a  higher  eflficiency  would  not  result  from  a  larger 
centralization  of  administrative  authority.  Only  in  the  case  of  Imperial 
district  has  a  high  salaried  general  manager  been  employed,  and  even 
in  that  instance  business  questions  seem  largely  to  be  retained  within 
the  jurisdiction  of  the  directors.  Further,  this  district  is  not  yet  fully* 
operating.  That  it  is  proposed  in  Imperial  district  to  have  the  directors 
retain  a  considerable  administrative  jurisdiction  is  evidenced  by  the 
passage  in  1915,  at  the  instance  of  Imperial  district,  of  an  amendment 
to  the  irrigation  district  law"*  by  which  directors  in  distriets  contain- 
ing over  500,000  acres  shall  receive  salari(\s  of  $150.00  per  month  in 
lieu  of  $4.00  per  day  received  previously.  In  Modesto,  Turlock,  Oak- 
dale,  and  South  San  Joaquin  distric  ts,  as  will  be  seen,  the  directors  have 
been  accustomed  to  devote  much  more  time  to  district  business  than 


\Since  this  was  writNMi  West  Sido.  T(mt{i  Rolla.  Lindsay-Stratlimoro.  Carniichael. 
and  Southern  Lassen  irrigation  districts  have  been  formed,  the  latter  without  investi- 
gation and  report  by  the  State  Engineer.  The  locations  and  areas  of  these  four 
districts  are  as  follows,  according  to  records  filed  with  the  State  Department  of 
Engineering:  West  Side,  near  Tl*acy,  area  11,7(K>  acres;  Terra  Bella,  surrounding 
Terra  Bella,  area  12,.'i(K)  acres  ;  Lindsay-Strathraore,  east  of  Lindsay  and  Strath- 
more,  area  ir».77r)  acres;  rarmichael.  near  Fair  Oaks,  area  3.113  acres;  Southern 
Lassen,  near  Doyle,  area  ai)proximately  H0.0(1<>  acres.  The  formation  of  additional 
districts  is,  or  recently  has  been,  under  consideration  at  Paradise,  Thermalito, 
Oroville,  Willows,  Princeton,  lone,  Morgan  Hill,  Merced,  Madera,  Stratton,  and 
Cardiff,  San  Diego  County.  Since  this  was  first  printed  the  following  additional 
districts  have  been  formed:  Cardiff,  near  San  Diego,  area  about  TOO  acres;  Honey 
Lake,  near  Amadee,  area  approximately  31.(M)0  acres;  Paradise,  area  11,250  acres"; 
Stratford,  near  Lemoore.  aren  l^.l-OO  acres  ;   Websti'r.  near  Madera,  15.0(K>  acres. 

*The  term  "active"  is  \ised  here  to  d^'sisnate  districts  that  are  actually  active  in 
construction  or  oi>eralion;  or  that  have  been  only  recently  organized  and  are  now 
in  the  pi-eliminary  st^iges  looking  to  real  activity. 

'Statutes  1915,  chapter  606. 
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boards  of  directors  of  most  commercial  and  industrial  enterprises  devote 
to  those  enterprises.  It  would  seem,  however,  that  even  in  these  dis- 
tricts sentiment  will  gradually  crystallize  in  favor  of  giving  more 
and  more  administrative  authority  to  the  principal  operating  officer, 
whether  that  officer  be  styled  a  general  manager  or  an  engineer  and 
superintendent.  The  logical  ultimate  development  would  seem  to  be  to 
an  able  and  well-paid  manager  to  whom  all  employees,  from  attorney 
to  ditchtenders,  shall  report,  and  with  whom  the  directors  shall  advise 
and  to  whom  they  shall  look  for  that  efficient  business  administration 
which  most  irrigation  districts  have  in  the  past  lacked. 

California  irrigation  districts  have  not  wanted  for  their  full  share 
of  internal  friction,  yet  the  history  of  such  districts  as  Modesto  and 
Turlock  shows  that  this  is  decreasing  as  the  people  become  more 
accustomed  to  irrigation  farming  and  more  experienced  in  cooperation 
and  local  self-government.  A  fundamental  of  good  irrigation  district 
government  is  a  consciousness  on  the  part  of  the  people  of  the  district 
of  a  community  interest  and  of  individual  (omnuuiity  responsibility. 
In  the  more  important  of  the  successful  California  irrigation  districts 
such  conscriousness  has  been  quite  well  developed,  but  the  efforts  it  has 
stimulated  have  not  always  been  constructive.  One  of  the  problems 
of  irrigation  districts,  therefore,  is  to  stimulate  a  constructive  rather 
than  a  merely  scolding  interest  on  the  part  of  the  irrigators. 

The  financial  management  of  (-alifornia  irrigation  districts  has  not 
been  free  from  difficulties  and  under  the  earlier  law,  as  has  been  shown, 
those  difficulties  were  not  always  met  squarely.  From  the  refunding 
act  of  1897  dow^n  to  the  amendments  of  1915,  however,  California  irriga- 
tion districts  and  those  interested  in  them  have  been  endeavoring, 
usually  with  sincerity,  to  simplify  and  make  more  businesslike  irriga- 
tion district  financial  operations.  The  development  of  the  changes  in 
the  financial  provisions  of  the  district  law  is  shown  under  a  former 
heading  (p.  48),  but  in  reading  of  the  i)resent  status  of  the  districts 
now  active  some  attention  to  financial  affairs,  especially  the  levying 
and  collection  of  district  taxes,  is  believed  to  be  worth  while.  No  men- 
tion is  made  of  the  extent  of  delin(iuencies  in  the  i)ayment  of  district 
taxes,  although  that  matter  was  incjuired  into.  In  the  well  established 
districts  delinquencies  are  negligible  and  are  nuich  more  than  cared  for 
by  the  extra  levy  permitted  by  the  district  law.  In  one  or  two  of  the 
newer  districts  and  in  the  old  districts  recently  r(H)rganized  delin- 
quencies have  been  large  enough  to  constitute  a  distinct  annoyance  if 
not  a  problem;  yet  there  is  no  evidence  that  if  a  ])rol)lem  is  involved,  it 
will  not  be  worked  out  satisfactorily,  or  even  that  it  is  of  sufficient 
importance  to  jeopardize  the  success  of  the  enterprise  affected.  In  no 
case  has  one  of  the  fullv  reorj'anizc^d  districts  or  one  of  the  new  and 
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already  established  dist riots  failed  iu  meeting  bond  interest,  or  bond 
principal  when  due. 

The  law  requires  that  property  shall  be  assessed  for  district  purpases 
at  its  full  cash  value.  It  is  realized  that  asseasments  for  both  special 
and  general  taxes  levied  by  counties  and  municipalities  are  bound  to 
vary,  no  matter  for  what  purpose  they  are  levied.  Therefore,  it  is  not 
unexpected  or  surprising  to  find  similar  differences  in  the  valuations 
placed  on  land  of  the  same  general  character  in  irrigation  districts. 
In  irrigation  districts,  however,  quite  different  methods  in  reaching 
valuations  are  followed,  and  it  is  to  these  methods  that  it  has  been 
deemed  worth  while  to  call  attention  in  discussing  conditions  in  the 
various  districts  now  active. 

Whenever  the  necessary  data  could  be  readily  obtained  operating 
expenses  have  been  given  and  water  delivery  methods  described  quite 
fully.  These  are  matters  of  every-day,  practical  interest  to  operating 
officials,  which  is  the  jitstification  for  including  them. 

ANDERSON-COTTONWOOD. 

The  historical  data  covering  early  operations  under  the  Wright  act 
already  given  disclosed  the  fact  that  of  seven  districts  formed  under 
that  act  in  Sacramento  Valley  from  1887  to  1891,  only  Browns  Valley 
district  is  now  active,  and  with  even  that  district  only  partially  oper- 
ating under  the  district  law.  It  is,  therefore,  especially  interesting  that 
an  important  section  of  Sacramento  Valley  should  now  have  turned  to 
the  district  form  of  organization  as  a  means  of  furnishing  much  needed 
irrigation  water. 

Anderson-Cottonwood  irrigation  district,  extending  along  Sacramento 
River  from  Redding  to  below  Cottonwood  Creek,  was  organized  July  14, 
1914,  by  a  vote  of  512  to  17.  While  mostly  lying  west  of  the  Sacra- 
mento, a  narrow  strip  of  land  across  the  Sacramento  connects  the  main 
portion  of  the  district  with  about  3,800  acres  east  of  the  Sacramento  on 
Churn  Creek  bottoms  and  Stillwater  plains.  The  total  area  in  the  dis- 
trict, as  voted,  was  approximately  32,500  acres,  but  several  holdings 
have  since  been  excluded  and  the  exclusion  of  several  others  has  been 
asked  for  and  was  under  consideration  by  the  directors  in  July,  1915. 
General ly  speaking,  the  land  embraced  consists  of  first  and  second 
bottom  river  lands,  first  bench,  and  rolling  plains.  More  technically, 
the  lower  lands  are  mostly  classified  by  the  bureau  of  soils^  as  Sacra- 
mento silt  loam,  Sacramento  fine  sandy  loam,  Anderson  fine  sandy 
loam,  and  Sacramento  loam ;  the  next  higher  mostly  as  Anderson 
gravelly  loam ;  and  the  higher  or  plains  areas  chiefly  as  Redding  loam 
and  Redding  *;ravelly  loam.     Although  some  of  the  plains  land  has  been 


^United  States  Department  of  Agriculture,  Bureau  of  Soils.     Soil  Survey  of  the 
Redding  Area»  California. 
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dry-farmed  to  grain  and  a  little  is  still  so  farmed  under  summer- 
fallowing,  agricultural  production  has  mainly  l)een  confined  to  the  two 
lower  soils  and  to  the  largest  extent  to  the  bottoms.  On  the  latter  a 
considerable  development  in  alfalfa  and  in  deciduous  fruits  has 
occurred,  with  very  little  land  irrigated.  With  water  supplied  as  now 
proposed  by  the  new  district,  and  carefully  used  so  as  to  avoid  over- 
wetting  of  the  lower  areas,  production  should  be  very  appreciably 
increased  on  the  fruit,  alfalfa,  and  grain  lands  now  under  crop,  and 
some  of  the  higher  lands  now  chiefly  of  value  only  for  grazing  should  be 
given  a  substantial  value  for  irrigation  farming.  The  depth  and  com- 
position of  the  higher  lands  both  vary,  and  some  of  these  lands  are  not 
likely  to  be  very  productive,  although  some  seem  well  suited  to  certain 
types  of  orchard  culture  which  an  irrigation  supply  will  make  possible. 
The  irrigation  system  planned  by  Anderson-Cottonwood  district,  and 
on  the  basis  of  which  bonds  to  the  amount  of  $480,000.00^  were  carried 
June  18,  1915,  by  a  vote  of  503  to  94,  calls  for  a  main  canal  from  Red- 
ding to  the  south  side  of  ('ottonwood  Creek  in  northern  Tehama  County, 
a  total  distance  approximating  30  miles.  Water  is  to  be  diverted,  dur- 
ing low  water  stages,  by  a  concrete  flash-board  dam  500  feet  long  at 
the  head  of  the  old  **  Wheel"  ditch  shortly  above  Redding.  From  that 
point  the  main  part  of  the  system  is  to  consist,  in  the  order  given,  of  a 
concrete-lined  tunnel  2,480  feet  long  and  10  feet  in  diameter  under  a 
part  of  the  town  of  Redding ;  an  open  channel  4,000  feet  long  to  a  weir 
near  Sacramento  River  to  be  so  constructed  as  to  provide  for  winter 
drainage  and  the  flushing  of  the  canal  above;  a  branch  leading  across 
the  Sacramento,  called  ** Churn  Creek  main,"  and  involving  a  concrete 
and  cast-iron  siphon  under  the  Sacramento;  a  main  open  canal  from  the 
above-mentioned  weir  to  the  crossing  of  Cottonwood  Creek;  a  concrete 
siphon  under  Cottonwood  ('reek ;  and  an  open  canal  from  tnere  to  the 
end.  The  Churn  Creek  main,  according  to  the  plans,  is  to  have  four 
l>rincipal  laterals,  and  the  main  canal  on  the  west  side  a  total  of  twenty. 
A  pumping  plant  to  cost  with  laterals  $46,290.00  is  planned  for  lifting 
water  from  the  Churn  Creek  branch  38  feet  to  the  small  area  on  Still- 
water plains  that  lies  in  the  district.  Three  other  pumping  plants,  esti- 
mated to  cost  a  total  of  $^,520.00,  will  be  necessary  to  raise  water  not 
exceeding  20  feet  to  small  areas  in  the  district  lying  above  the  west  side 
main.  The  duty  of  water  figured  by  the  engineer  of  the  district  is  one 
cubic  foot  per  second  for  each  KK)  acres  irrigated  and  the  main  canal  is 
designed  to  carry  at  its  head  at  least  3()5  cul)ie  feet  per  S(H»ond.  Pump- 
ing plants  are  designed  to  dc^liver  three  aere-f(»et  per  acre  per  season 
over  the  areas  served  by  them  and  all   laterals,  except  two  to  carry 


*The  estimates  of  the  engineers  employed  by  the  district  called  for  an  exi>onditiire 
of  |3o9,9G0y  but  the  amount  necessary  was  raisfMl  by  the  State  Engineer  to  the 
amount  voted. 
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50  cubic  feet  per  second  each,  are  designed  for  32  cubic  feet  per  second. 
The  acre-cost  of  pumping  has  been  estimated  to  be  not  to  exceed  $2.70 
in  the  case  of  the  plant  on  Churn  Creek  bottoms  and  not  to  exceed  $2.05 
in  the  case  of  the  others.  The  estimated  acre-cost  for  operation,  includ- 
ing maintenance,  interest,  replacement,  and  distribution,  is  $1.20, 
counting  on  the  full  area  of  32,500  acres  within  original  boundaries. 
It  is,  of  course,  not-  possible  to  forecast  the  success  of  Anderson- 
Cottonwood  irrigation  district  any  more  than  of  any  other  undertaking 
of  similar  character.  That  the  enterprise  is  justified  there  can,  how- 
ever, be  no  question.  The  engineering  problems  involved  are  admit- 
tedly not  serious  and  the  engineering  plans  adopted  have,  with  some 
modification  as  to  costs,  been  approved  by  the  State  Department  of  Engi- 
neering. Assuming  that  the  slight  opposition  that  has  been  voiced  will 
not  develop  into  obstruction,  that  the  federal  government  will  interpose 
no  objection  to  the  proposed  diversion  from  Sacramento  River,  and  that 
the  bonds  that  have  been  voted  can  be  econoTnically  disposed  of  and  the 
proposed  works  completed,  the  enterprise  Avill  still  have  before  it  the 
problems  always  attending  the  changing  of  the  agriculture  of  a  com- 
munity from  a  dry  to  an  irrigation  basis.  Most  of  the  land  holdings 
are  now  too  large  to  be  farmed  economically  under  irrigation,  so  that 
as  a  rule  they  must  be  cut  up  as  soon  as  water  is  available  and  annual 
water  charges  levied.  With  few  exceptions  the  present  landowners  are 
untrained  either  in  irrigation  practice  or  in  irrigation  farming,  and 
their  first  task  will  be  to  learn  to  irrigate  and  to  grow  and  dispose  of  the 
crops  that  are  best  adapted  to  the  soils  and  the  situations  of  the  district, 
and  that  will  be  profitable.  Some  difficulties  will  be  encountered  in 
distributing  irrigation  water  over  uneven  surfaces  and  restraint  will  be 
needed  to  prevent  washing  of  the  steei)er  lands  and  overwetting  of  the 
bottoms,  especially  where  there  are  depressions.  The  large  flow  of  Sac- 
ramento River  at  the  proposed  point  of  diversion  will  insure  an  ample 
water  supply  and  this  will  so  tend  to  encourage  overuse  that  a  strict 
system  of  measuring  water  to  irrigators  and  of  at  least  partially  basing 
the  annual  water  charge  on  the  cjuantity  used  seems  essential.  At  this 
writing  a  difficult  administrative  i)r()l)lem  before  the  district  is  that  of 
levying  district  assessments.  The  nonproductivity  of  the  plains  lands 
without  irrigation  and  the  local  belief  that  these  lands  will  undergo  a 
greater  relative  increase  in  value  under  irrigation  than  the  already  pro- 
ductive ])ottoins  has  convinced  the  owners  of  the  bottoms  that  they 
should  not  be  taxed  a  greater  amount  for  construction  expenses  than  the 
owners  of  the  plains  lands.  The  1914  county  assessment  of  the  plains 
lands  was  generally  about  ^l.Oi)  per  acre,  while  that  of  the  bottoms 
reached  as  high  as  $40.00.  Tndi'r  these  conditions  the  important  prac- 
tical ([uestion  before  the  assessor  became:  Is  it  possible,  under  the  pro- 
vision of  the  law  reciuiring  all  lands  to  be  assessed  at  their  full  cash 
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value,  to  assess  the  plains  and  bottoms  at  the  same  figure?  An  equal 
assessment  seems  to  have  been  agreed  on  by  the  landowners  as  being 
desirable,  but  a  feasible  adjustment  of  the  matter  had  not  yet  been 
worked  out  when  the  district  was  visited  in  July,  1915. 

BROWNS  VALLEY. 

The  present  status  of  this  district  is  partially  given  in  connection  with 
its  history.  Browns  Valley  is  not  a  *' valley,'*  strictly  speaking,  but 
rather  a  series  of  low  rolling  hills  and  valleys.  The  hills  are  higher 
and  the  valley  depressions  consequently  more  pronounced  as  the  Sierra 
are  approached  on  the  east,  while  on  the  west  the  lands  grade  oflE  to 
lower  rolling  plains.  It  is  this  unevenness  in  topography  that  limits 
the  area  in  the  district  susceptible  of  gravity  irrigation  from  the  system. 
Except  on  the  west,  which  is  barren,  the  hills  are  covered  with  scrub 
oak  and  pine,  with  in  some  places  a  rather  dense  undergrowth  of  brush. 
The  crops  grown  include  a  limited  amount  of  alfalfa,  small  fruits,  some 
deciduous  and  citrus  fruits,  and  olives,  and  there  is  a  considerable 
c^creage  of  wild  meadows,  which,  with  the  alfalfa,  make  dairying  rather 
prominent.  The  original  crib  dam  at  the  head  of  the  canal  has  been 
replaced  by  a  concrete  structure  and  from  there  to  the  power  house  at 
Colgate  the  canal  capacity  has  been  increased,  for  power  purposes,  to 
tbout  700  cubic  feet  per  second,  the  cost  of  this  having  been  met  by  the 
power  company  with  which  the  district  has  an  agreement.  From  Col- 
gate to  the  low^er  power  house  along  Dry  Creek  the  capacity  is  said  to 
be  about  50  to  70  cubic  feet  per  second.  In  July,  1915,  the  power 
company  reported  to  the  district  the  carrying  of  1,600  inches,  or  40 
cubic  feet  per  second,  about  40  miles  above.  The  district  has  in  all 
about  100  miles  of  main  canals  and  laterals. 

Having,  under  its  agreement  with  the  Pacific  Gas  and  Electric  Com- 
pany, only  to  care  for  water  delivery  and  maintenance  of  the  laterals, 
the  operating  expenses  of  the  district  are  not  high.  The  amount  due  to 
the  district  under  its  contract  with  the  Pacific  Gas  and  Electric  Com- 
pany is  uncertain,  but  is  believed  by  some  of  the  officers  of  the  district 
not  to  exceed  1,800  or  2,000  inches.  In  1915  about  1,200  inches  is  being 
received,  all  of  which  is  used.  Water  is  sold  to  the  irrigators  at  the 
rate  of  $3.00  per  miner's  inch  per  season,  measured  under  a  6-inch  pres- 
gure  at  each  point  of  delivery,  75  inches  being  about  a  maximum 
*'head,"  and  each  irrigator  running  water  continuously  during  the  irri- 
gation season,  which  in  dry  years  may  extend  from  March  to  November. 
During  the  winter  season  stock  water  is  kept  in  the  ditches.  No  record 
is  kept  of  the  amount  of  land  irrigated,  nor  is  the  exact  duty  of  water 
under  the  system  known.  From  such  general  observations  as  were  made 
it  was  concluded  that  the  area  receiving  water  in  1915  does  not  exceed 
2,500  acres.    A  feeling  is  growing  in  the  district  that  a  more  careful 
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use  of  water  and  a  rotation  system  of  delivery  must  be  put  into  effect  in 
order  to  care  for  the  increasing  demand  for  water.  About  one-half  of 
the  land  in  the  district  is  estimated  by  the  president  of  the  district  to  be 
held  by  owners  who  are  now  using  no  water ;  and  even  the  owners  who 
are  irrigating  are  applying  water  to  only  about  one-tenth  of  their  hold- 
ings. As  under  the  district  law  all  have  equal  rights  to  the  water  con- 
trolled by  the  district,  an  additional  supply  must  be  obtained  as  more 
desire  to  irrigate,  or  the  district  must  attempt  the  impossible  task  of 
making  under  2,000  inches  of  water  meet  the  needs  of  the  irrigable 
portions  of  nearly  45,000  acres  of  land.  At  present  there  are  104 
irrigators,  of  which  five  or  six  use  as  little  water  as  one  miner's  inch. 

The  organization  of  Browns  Valley  district  consists  of  a  board  of 
three  directors  elected  at  large,  an  assessor-collector,  and  two  ditch- 
tenders,  one  of  the  directors  also  acting  as  secretary,  but  receiving  no 
compensation  other  than  the  $4.00  per  diem  allowed  directors  for  each 
meeting  of  the  board.  The  salary  of  the  assessor-collector  is  $30.00  per 
annum.  One  of  the  ditchtenders  acts  as  superintendent  and  receives 
$90.00  per  month,  with  a  reduced  rate  during  the  winter;  the  other 
ditchtender  receiving  $75.00  per  month  during  the  running  of  water. 
Neither  ditchtender  is  furnished  transportation  by  the  district.  The 
plan  of  not  levying  any  assessments  is  still  followed,  all  expenses  being 
met  by  the  water  tolls.  The  directors  of  Browns  Valley  district,  as  in 
most  other  cases,  are  not  entirely  free' from  local  troubles  in  the  manage- 
ment of  the  district's  business  and  the  distribution  of  its  water  supply. 
There  have  recently  been  two  small  cases  of  litigation,  one  seeking  to 
enjoin  a  water  user  from  taking  water  without  permission,  and  the 
other  involving  damages  alleged  to  have  been  suffered  to  crops  through 
failure  by  the  district  to  deliver  water.  Both  suits  were  decided  wholly 
in  favor  of  the  district.  A  few  have  failed  to  pay  water  tolls  and  suits 
to  collect  are  contemplated.  On  the  whole,  however,  the  affairs  of  the 
district  run  smoothly  and  an  agriculture  more  satisfactory  than  that  of 
earlier  years,  with  its  foundation  in  dairying  and  stock  raising,  is 
gradually  developing. 

SOUTH  SAN  JOAQUIN. 

Thirty  years  ago  agricultural  conditions  had  reached  that  stage  in 
certain  portions  of  the  northern  part  of  San  Joaquin  Valley  that  further 
substantial  progress  was  impossible  without  irrigation,  even  if  there 
should  not  be  a  backward  movement  if  nothing  were  done  to  change 
matters.  The  critical  stage  had  been  reached  in  the  balance  between 
profits  from  farming  with  water  and  without  it.  In  the  areas  centering 
around  Modesto  there  was  no  doubt  that  farms  must  either  grow  larger 
and  be  more  extensively  worked,  or  grow  smaller  and  be  farmed  under 
the  intensive  culture  water  would  make  passible.     It  was  out  of  these 
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eonditioiis,  as  has  previoiLsly  been  stated,  that  the  Wi-ight  act  of  1887 
grew,  and  that  tin's  act  was  suited  to  these  conditions,  even  if  the  act 
it«elf  wiis  incomplete,  has  been  proven  by  the  success  of  tlie  two  large 
districts  formed  at  ^Fodesto  and  Turlock.  It  was  therefore  not  nnnat- 
ural  that  the  neighboring  communities  about  Oakdale,  Ripon,  Manteca 
and  Escalon  should  also  eventually  come  to  the  district  form  of 
organization  for  irrigation  development. 

South  San  Joaquin  irrigation  district,  lying  wholly  in  San  Joaquin 
County,  was  organized  May  11,  1909,  by  a  vote  of  376  to  87.  Previous 
efforts  to  obtain  water  date  back  to  about  1889,  when  the  San  Joaquin 
Land  and  Water  Company  was  formed  to  divert  water  from  Stanislaus 
River. ^  After  passing  through  many  difficulties  and  later  reorganiza- 
tion into  the  Stanislaus  and  San  Joaquin  Water  Company,  and  again 
after  passing  into  the  hands  of  the  South  San  Joaquin  Canal  and  Irri- 
gation Company  and  the  Consolidated  Stanislaus  Water  and  Power 
Company,  this  enterprise  that  had  been  started  in  1889  passed  into  the 
hands  of  a  receiver  and  was  sold  at  auction  for  a  small  fraction  of  the 
amount  of  monev  that  had  been  invested  in  it,  and  bv  1908  it  was 
delivering  water  to  several  thousand  acres.  At  that  time,  however,  it 
was  apparent  that  the  old  system  must  be  enlarged  and  reconstructed 
and  its  owners,  known  as  the  Tulloch  interests,  began  a  canvass  for  the 
sale  of  additional  water  rights  at  $20.00  per  acre.  Like  many  water-right 
contracts,  the  contract  offered  to  the  farmers  by  the  Tulloch  system  was 
not  looked  upon  favorably,  and  the  feeling  gradually  developed  that  if 
the  farmers  were  to  pay  for  building  a  new  system  they  should  own  that 
system  themselves.  ^leetings  to  discuss  the  situation  were  held  at 
Manteca,  Ripon,  and  elsewhere,  and  out  of  these  meetings  an  irrigation 
bureau  was  formed  by  representative  landowners  in  southern  San 
Joaquin  County  for  the  avowed  purpose  of  promoting  the  formation 
of  an  irrigation  district.  This  irrigation  bureau  went  about  its  work 
ver>-  effectively.  Several  hundred  dollars  was  subscribed  by  the  mem- 
bers and  a  newspaper,  known  as  the  '^Irrigation  Bulletin,''  was  started 
to  further  the  campaign.  For  about  a  year  this  publication,  largely 
supported  by  its  advertising  pages,  kept  the  matter  of  the  propased 
irrigation  district  constantly  before  the  landowners  in  the  area  affected 
and  the  commercial  and  financial  interests  of  the  city  of  Stocktcm,  and 
it  was  under  the  direction  of  the  irrigation  bureau  that  the  lines  of 
South  San  Joaquin  irrigation  district  were  laid  out  and  organization 
of  the  district  finally  consummated. 

From  the  beginning  South  San  Moaquin  irrigation  district  seems  to 
have  been  fortunate  in  the  selection  of  its  officers,  for,  in  spite  of  some 


*I»revioiia  to  this,  however,  and  as  early  as  about  \^\A.  the  property  taken  over 
hj  the  San  Joaquin  Ijand  and  Water  Company,  or  a  portion  of  it.  was  owned  bv 
the  San  Joaquin  County  Water  Company,  but  divested  of  title  by  foreclosure,  after 
which  the  property  came  into  the  hands  of  one  Abraham  Sohell. 


68  IRRIGATION   INVESTIGATIONS  IN   CALIFORNIA. 

mistakes  that  are  acknowledged,  it  is  doubtful  if  more  efficiency  and 
force  have  been  put  into  the  organization  of  any  other  irrigation  dis- 
trict in  the  state,  nor  has  any  district  been  more  loyally  supported  by 
the  landowners.  As  soon  as  the  district  was  organized  an  experienced 
and  competent  engineer  was  employed  to  lay  out  the  proposed  system, 
and  on  May  12,  1910,  after  a  very  thorough  engineering  study,  an 
assessment  of  $35,000.00  was  levied  by  a  vote  of  292  to  70,  to  pay  for 
engineering  expenses.  The  first  bond  issue,  amounting  to  $1,875,000.00, 
and  dated  July  1,  1910,  was  authorized  by  a  vote  of  329  to  67.  Of  this 
issue  $325,000.00  in  bonds  was  used  for  the  purchase  of  one-half  interest 
in  the  old  TuUoch  system,  and  contracts  were  let  jointly  with  Oakdale 
irrigation  district  for  the  construction  of  a  diverting  dam  in  Stanislaus 
River,  and  also,  independently,  for  the  construction  of  the  canal  system 
to  the  district.  Through  inability  of  the  district  to  dispose  of  its  bonds 
in  the  open  market  and  the  consequent  necessity  for  letting  its  contracts 
only  to  those  who  would  agree  to  buy  sufficient  of  the  bonds  to  pay  for 
these  contracts,  the  original  bond  issue  proved  only  sufficient  for  con- 
structing the  works  down  to  the  district  line,  so  that  a  further  issue 
became  necessary  if  the  district  was  to  constnict  the  distribution  system 
within  the  district.  Accordingly,  an  election  was  held  January  25, 
1913,  at  which  were  submitted  two  propositions:  One  for  the  issuance 
of  bonds  amounting  to  $1,170,000.00  for  construction  and  completion  of 
the  main  distributory  canal  within  the  district  and  for  laterals  and 
drainage  ditches,  the  distribution  system  to  extend  to  each  40-acre  tract 
within  the  district ;  the  other  for  the  issuance  of  bonds  amounting  to 
$790,000.00  for  the  construction  of  a  foothill  reservoir  and  other  storage 
facilities.  There  was  much  discussion  in  the  district  prior  to  this  bond 
election  as  to  the  desirability  of  completing  the  distributing  system  of 
the  district  to  each  40-acre  tract,  which  was  something  no  other  irriga- 
tion district  in  the  state  had  done.  The  proposition  to  do  this  was. 
however,  submitted  and  carried  by  a  vote  of  492  to  24,  the  proposal  to 
issue  bonds  for  reservoir  construction  carrying  by  432  to  83. 

After  the  early  difficulty  experienced  by  the  district  in  disposing  of 
its  bonds  except  through  contractors,  the  estimates  of  the  engineer  of 
tlie  district  covering  construction  of  the  distribution  sj'stem  and  of  the 
proposed  stora«:e  were  based  on  selling  the  bonds  at  a  figure  consider- 
ably below  par.  There  was  still  some  difficulty,  how^ever,  in  obtaining 
contracts  within  tlie  estimates,  and  it  was  necessary  to  levy  a  special 
asses.snient  of  $140.()()0.()0  in  1914  to  complete  the  work.  So  determined 
were  the  people  of  the  district  that  the  system  should  be  completed  as 
planned,  that  when  the  matter  was  laid  tentatively  before  them,  they 
not  only  consented  to  this  assessment,  but  pledged  themselves  to  the 
amount  of  over  $20,000.00  pending  the  calling  of  the  special  election, 
in  order  that  the  construction  work  should  go  on  without  delay.     Rights 


Fif.   1. — Ooodwin   Dun  of  OikdaU  and  South   S«n  Joaquin   Irrigation  Dial 
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of  way  were  given  without  cost  to  the  district  for  all  laterals  within  the 
district  and  the  distribution  system  was  carried  to  completion  by  the 
early  summer  of  1914,  when  the  delivery  of  water  began,  the  upper 
works  having  been  formally  opened  April  6th  of  the  previous  year.^ 

Although  bonds  for  reservoir  construction  were  voted  by  South  San 
Joaquin  district  in  1913,  only  a  small  portion  of  these  have  thus  far 
been  used.  Land  in  the  proposed  foothill  reservoir  site  has  been  pur- 
chased at  a  cost  of  about  $87,000.00  and  the  matter  of  going  ahead  with 
construction  is  now  under  consideration.  The  estimates  for  completing 
the  distributing  system  for  which  $1,170,000.00  was  voted  along  with 
the  reservoir  issue  included  an  item  of  about  $85,000.00  for  drainage, 
but  this  has  not  yet  been  constructed.  Certain  portions  of  the  district 
are  in  need  of  drainage  but  a  complete  plan  of  drainage  has  not  yet 
been  worked  out  or  adopted.  The  first  step  contemplated  is  the  con- 
struction of  an  intersecting  ditch  line  along  the  western  boundary  of  the 
district  to  receive  waste  from  the  lateral  system  and  also  to  carry  away 
surplus  ground  waters  in  that  section. 

Counting  the  three  bond  issues  thus  far  authorized  the  total  indebted- 
ness in  South  San  Joaquin  district  is  $54.75  per  acre,  which  is  the 
highest  cost  of  any  of  the  California  irrigation  districts.  It  must  be 
borne  in  mind,  however,  that  this  cost  includes  a  distributing  system  to 
each  40  acres  of  land  within  the  district  (Plate  VI),  and  also  a  stib- 
stantial  appropriation  for  storage.  It  yet  remains  to  be  seen  whether 
the  complete  construction  of  the  distribution  system  will  work  out  to 
the  advantage  of  the  district,  although  no  one  has  seriously  questioned 
the  judgment  of  the  directors  and  the  people  of  the  district  in  incurring 
this  expen.se  in  advance  of  closer  settlement.  Three  principal  consid- 
erations actuated  the  construction  of  the  distribution  system,  namely : 
The  probable  reduced  cost  to  the  community  if  the  laterals  should  \m 
constructed  at  one  time  under  a  single  distribution ;  the  saving  in  cost 
of  rights  of  way,  these  all  having  been  granted  free  to  the  district;  and 
the  desirability  of  making  water  immediately  available  to  each  sub- 
division in  the  district  to  the  end  that  settlement  might  be  rapid.  It 
has  been  the  history  of  the  neighboring  districts  that  development  of 
considerable  areas  has  been  held  back  by  distance  to  the  main  dis- 
tribution system.  While  this  condition  is  not  of  great  importance  where 
the  acre  cost  of  the  irrigation  system  is  low,  the  question  of  making 
water  available  to  each  tract  at  once  is  a  matter  of  much  importance 
where  the  cost  per  acre  is  as  high  as  in  South  San  Joaquin  di:ftrict. 
Unfortunately,  South  San  Joa(iuin  irrigation  district  is  most  in  need  of 
settlers  in  the  period  of  western  dovelopmont  wlion  settlers  are  scarce. 


*For  (It^scription  of  South  Snii  JoiKjuiii  irris;ntiou  distridl.  includiiijr  works,  soils. 
and  finances,  mo^  rejwrt  of  Irriiration  District  Koiul  ('omiiiissi<»n  of  rnlifornin.  datod 
May  13  and  Soptombcr  37,  10KS,  published  by  tlio  district. 
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A  considerable  proportion  of  the  district  has  been  laid  out  in  sub- 
divisions, but  these  have  not  yet  in  large  measure  been  sold.  Neverthe- 
less, there  are  relatively  few  large  holdings  in  the  district,  and  due  to 
the  general  rise  of  ground  water  and  the  resulting  subirrigation  of  some 
of  the  land,  much  of  the  district  that  is  not  yet  surface  irrigated  is  suc- 
cessfully growing  such  annual  crops  as  sunflowers,  sorghums,  sugar 
beets,  and  melons,  and  all  of  these  are  returning  a  higher  profit  than  the 
former  dry-grain  farming.  Thus  the  growth  of  these  crops  oh  sub- 
irrigated  land  has  changed  a  condition  which  might  have  been  con- 
sidered a  serious  one  to  one  which  is  generally  considered  entirely 
hopeful.  During  the  season  of  1914  application  was  made  to  the  dis- 
trict for  water  for  15,600  acres.  Preliminary  figures  available  in 
September,  1915,  indicate  that  approximately  22,000  acres  has  been 
irrigated  during  this  season,  of  which  10,928  acres  is  in  alfalfa,  1,123 
acres  in  trees,  3,136  acres  in  vines,  1,547  acres  in  sunflowers,  1,322  acres 
in  beans,  2,909  acres  in  corn,  and  1,224  acres  in  truck. 

Of  the  70,050  acres  in  the  district,  nearly  all  w-as  under  cultivation 
when  the  district  was  formed,  and  only  250  acres  was  classed  as  untill- 
able.  The  estimated  population  of  the  district  in  1915  is  3,500  and  the 
total  1915  valuation  assessed  for  district  purposes  is  $5,478,594.30.  The 
amounts  raised  annually  by  assessment  have  increased  from  $67,129.69 
in  1910  to  $372,531.95  in  1914.  The  irrigation  district  tax  rate  per 
JfelOO.CO  valuation  has  increased  from  $2.35  in  1910  to  $4.85  in  1915. 
With  the  exception  of  between  3,000  and  4,000  acres  situated  too  high 
to  receive  water  from  the  system  by  gravity,  which  is  assessed  at  $15.00 
per  acre,  the  district  valuations  range  from  $J.05.00  down  to  $80.00  per 
acre.  A  zone  system,  with  the  towns  of  Manteca,  Ripon,  and  Escalon 
as  centers,  is  followed  in  arriving  at  valuations.  Town  lands  are  valued 
somewhat  arbitrarily,  but  in  general  at  about  one-third  of  their  market 
value,  acreage  property  within  the  towns  being  assessed  at  $105.00  per 
acre.  In  arranging  tlie  zones,  four  squares  are  described  around  the 
towns  at  distances  of  one-fourth  mile,  one-fourth  mile,  one-half  mile, 
and  one-half  mile,  respectively,  from  the  outside  limits  of  the  towns, 
and  the  valuations  within  these  four  zones  range  from  $100.00  down  to 
$85.00  i)er  acre.  All  land  outside  of  the  last  zone  and  in  excess  of  one 
and  one-half  miles  from  the  town  limits  is  valued  at  $80.00  per  acre. 
While  the  cost  of  water  in  South  San  Joaquin  district  is  high  as  com- 
pared with  other  irripration  districts  in  the  state,  it  is  not  greater  than 
under  .some  of  tlio  other  projects,  and  the  general  fertility  of  the  soil  of 
the  district  and  the  i)r()xiniity  to  several  main  lines  of  transportation 
would  sc'cni  to  make  the  animal  charge  a  somewhat  less  burden  than  the 
ScHiie  cliargc^  would  br  in  a  less  favora])ly  situated  section. 

Tlie  directors  of  South  San  Joa([uin  district  follow  the  practice  of 
devoting  much  attention  to  the  management  of  the  district  business. 
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each  member  of  the  board  having  served  an  average  of  seventeen  days 
per  month  during  the  past  six  months.  While  this  excessive  amount  ot* 
time  is  partly  due  to  the  fact  that  some  of  the  members  have  but  recently 
been  elected,  nevertheless  it  seems  to  be  the  policy  of  the  board  to  devote 
much  time  to  details,  rather  than  to  leave  these  details  to  the  trained 
engineer  employed. 

OAKDALE. 

The  area  watered  by  the  old  TuUoch  system  mentioned  above  in 
connection  with  South  San  Joaquin  irrigation  district  included  land 
around  Oakdale,  and  when  South  San  Joaquin  district  was  success- 
fully organized  the  people  about  Oakdale  concluded  that  if  nothing 
were  done  by  them  to  increase  their  irrigated  area  they  would  be  in 
danger  of  losing  to  the  South  San  Joaquin  sections  water  rights  still 
available  in  Stanislaus  River.     Thus  stimulated,  the  community  was 
not  long  in  organizing,  and  within   six  months  from   the  time  the 
matter  was  first  given  publicity,  namely,  on   October  23,   1909,  the 
organization  of  the  Oakdale  district  was  authorized  by  a  vote  of  348 
to  27.     Within  a  short  time  thereafter  engineers  were  in  the  field  and 
a  system  was  laid  out  calling  for  the  expenditure  of  $1,600,000.00.     A 
contract  was  then  entered  into  with  the  TuUoch  interests  to  purchase 
those  interests  for  $650,000.00  in  bonds,  with  an  agreement  that  South 
San  Joaquin  district  should  participate  in  the  contract  on  equal  terms 
with  Oakdale.     The  bond  issue  of  $1,600,000.00  recommended  by  the 
engineers  was  approved  by  the  electors  on  February  26,  1910,  by  a 
vote  of  339  to  9.     In  conjunction  with  South  San  Joaquin  district  the 
contract  with  the  TuUoch  interests  was  then  closed,  each  district  pay- 
ing $325,000.00  in  bonds  for  a  one-half  interest  in  the  system,  includ- 
ing water  rights.     The  plan  of  works  decided  upon  was  soon  adopted, 
but  for  nearly  two  years  the  district  failed  to  dispose  of  its  bonds, 
although  one  bid  was  accepted  and  a  contract  let  for  a  portion  of  the 
work,   both   of  which   it  was  later   found   necessary   to   cancel.     On 
January  4,  1912,  however,  contracts  were  let  for  the  construction  of 
the   system,   arrangements   having  been   made  by   the   contractors   to 
purchase  the  bonds  of  the  district  at  par,  as  needed.     Oakdale  dis- 
trict experienced  the  same  difficulty  that  was  experienced  in  South 
San  Joaquin  district  in  building  its  works  within  the  estimates  of  the 
engineers,  on  account  of  the  extra  price  needed  to  be  paid  for  work 
under  conditions  that  reciuired  the  contractors  to  find  purchasers  for 
the  bonds.     Because  of  this  and  other  reasons,  additional  bond  issues 
became  necessary,  and  $400,000.00  were  authorized  by  a  vote  of  322  to 
40  on  December  27,  1912,  and  an  additional  $400,000.00  by  vote  of 
492   to   129  on   October  5,    1914.     Construction   work   under   the  last 
issue  is  now  under  way  and  chiefly  consists  of  extensions  to  laterals, 
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structures,  concrete  lining,  the  elimination  of  a  bad  section  of  canal 
by  the  construction  of  a  tunnel  estimated  to  cost  $50,000.00,  pipes  and 
siphons,  and  culverts  and  bridges.  The  last  bond  issue  of  $400,000.00, 
which  bears  6  per  cent  interest,  was  disposed  of  for  cash  at  90.25,  the 
bidder  agreeing  to  supply  the  money  at  stated  intervals.  The  work 
under  all  of  the  bond  issues  was  approved  by  the  state  bonding  com- 
mission, and  it  is  expected  that  the  physical  properties  of  the  district 
will  be  in  excellent  shape  after  the  completion  of  the  works  now  under 
way.  No  bonds,  however,  have  yet  been  voted  for  storage,  nor  have 
definite  storage  plans  yet  been  adopted.  Pilings  have  been  made 
jointly  with  South  San  Joaquin  irrigation  district  and  the  Utica 
Mining  Company  for  a  reservoir  at  Spicer  Meadows  in  the  mountains 
above  Oakdale.  There  have  also  been  some  negotiations  regarding 
storage  between  Oakdale  and  South  San  Joaquin  districts  and  the  San 
Francisco  and  Sierra  Power  Company,  which  also  has  power  interests 
on  the  Stanislaus.^ 

Including  land  irrigated  under  contracts  taken  over  from  the  Tulloch 
system,  Oakdale  irrigation  district  irrigated  a  total  of  11,217  acres  in 
3914,  of  which  5,017  acres  was  in  alfalfa,  538  acres  in  garden,  1,109 
acres  in  trees,  77  acres  in  berries,  132  acres  in  vines,  25  acres  in  beets, 
1,698  acres  in  beans,  27  acres  in  melons,  1,882  acres  in  corn,  512  acres 
of  new  land  being  flooded  for  leveling,  and  200  acres  in  rice.  No 
definite  unit  has  been  fixed  upon  to  which  district  laterals  will  be  con- 
structed, but  the  main  and  subsidiary  laterals  of  the  district  are  being 
extended  to  bring  water  within  relatively  easy  access  to  landowners. 
The  total  area  embraced  in  Oakdale  district  is  74,146  acres. 

According  to  the  assessment  roll  of  1914,  there  were  in  the  district 
in  that  year  forty-five  holdings  of  400  acres  or  over,  and  nine  holdings 
exceeding  1,000  acres.  On  the  other  hand,  there  were  many  small 
units — 112  of  five  acres  each,  158  of  ten  acres  each,  127  of  twenty  acres 
each,  45  of  thirty  acres  each,  56  of  forty  acres  each,  and  22  of  fifty 
acres  each.  Approximately  forty-five  subdivisions  have  been  laid  out 
in  which  the  prevailing  unit  is  forty  acres,  but  these  have  not  yet  been 
largely  sold.  The  largest  development  thus  far  is  in  what  are  locally 
known  as  the  bench  lands  lying  between  Oakdale  and  the  eastern 
boundary  of  ^lodesto  irrigation  district.  East  and  southeast  of  Oak- 
dale the  lands  are  more  rolling  in  character,  the  district  liaving  quite 
irretrular  boundaries  in  order  to  take  in  the  fiat  lands  among  the  hills. 
On  the  north  side  of  Stanislaus  River  east  of  Oakdale,  and  also  in  the 
neighborhood  of  Oakdale,  there  was  a  considerable  development  in  fruit 
growing,  chiefiy  including  citrus  fruits  and  almonds,  prior  to  the  forma- 


'For  a  jKoncral  (Josrription  of  Oakdalo  irrigation  district,  including  soils,  work!?* 
financial  conditions,  etc..  fscc  report  on  Oakdale  irrigation  district  by  thp  State  frrj- 
jration  District  Homl  i'omniission,  dated  June  2r».  1914,  and  pubUshed  by  the  ('«•'" 
fornia   State  Printing  Office. 
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tion  of  the  district.  In  the  bottom  lands  in  the  immediate  vicinity  of 
Oakdale,  vegetable  growing  has  been  very  successful.  Water  was  first 
delivered  through  the  new  works  of  the  district  in  1914. 

Valuations  assessed  for  district  purposes  by  Oakdale  district  have 
increased  from  $2,160,355.00  in  1910,  to  $3,342,140.00  in  1914.  The 
district  tax  rate  in  1910  was  $2.62  on  each  $100.00  of  valuation,  and  it 
ha>s  recently  been  fixed  at  $5.80  for  1915.  Owing  to  the  irregular  char- 
acter of  the  lands  in  Oakdale  district,  it  was  found  impracticable  to 
apply  a  zone  system  in  making  valuations.  Acreage  property  in  the 
town  of  Oakdale  is  assessed  at  $110.00  per  acre ;  river  bottom  lands  at 
$90.00  per  acre ;  acreage  property  in  towns  other  than  Oakdale  at  $50.00 
to  $70.00  per  acre;  farm  lands  immediately  surrounding  Oakdale  at 
$90.00  per  acre;  lands  in  the  Orange  Blossom  citrus  section  at  $60.00 
per  acre;  the  bench  farming  lands  next  below  the  rolling  plains  at 
about  $60.00  per  acre ;  and  the  rolling  plains  lands  generally  at  $45.00 
per  acre.  Some  nonagricultural  land  along  the  river  beds  is  assessed 
nominally  and  land  above  the  ditch  too  high  to  receive  water  by  gravity 
at  $10.00  per  acre. 

The  organization  of  Oakdale  irrigation  district  has  already  had  an 
appre'/iable  effect  in  increasing  population,  in  spite  of  the  fact  that 
as  in  South  San  Joaquin  irrigation  district  and  nearly  all  other  irriga- 
tion projects  in  the  wast,  settlement  has  been  very  slow  during  the  past 
two  years.  The  estimated  population  at  the  time  the  district  was 
organized  was  2,000,  but  this  is  now  considered  by  the  district  assessors 
to  have  increased  to  6,000.  The  first  assessment  roll  of  the  district  in 
1910  had  703  assessment  payers,  but  this  had  increased  to  1,505  in 
1915.  As  in  the  case  of  South  San  Joaquin  district,  Oakdale  district 
receives  some  water  well  into  the  fall,  due  to  the  operation  of  power 
companies  above  Oakdale.  While  this  supply  will  not  be  large  until 
storage  is  provided  by  the  districts,  it  is  now  sufficient  to  give  late 
water  to  the  crops  most  in  need  of  it. 

Internal  affairs  have  not  always  run  smoothly  in  Oakdale  district, 
although  there  have  been  no  greater  internal  difficulties  than  in  most 
other  new  projects.  When  the  third  bond  issue  was  found  necessary, 
there  was  some  di&satisfaction  among  certain  of  the  people  and  an 
unsuccessful  effort  was  made  to  recall  the  entire  board  of  directors. 
Although  they  have  employed  a  competent  and  experienced  chief  engi- 
neer and  general  manager,  the  members  of  the  board  of  directors  in 
some  cases  still  devote  a  considerable  amount  of  time  to  the  details  of 
district  management,  a  majority  of  the  members  spending  about  ten 
days  per  month  each  on  the  district  business,  and  one  usually  spending 
from  twenty  to  twenty-five  days  per  month.  The  board  keeps  a  stand- 
ini?  field  committee  of  tliree  members,  one  of  whom  is  changed  each 
month. 
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WATERFORD. 

Approximately  13,000  acres  are  included  in  this  district,  which 
adjoins  Modesto  irrigation  district  on  the  west,  and  Oakdale  irrigation 
district  on  the  north.  The  lands  embraced  are  generally  those  lying 
between  Dry  Creek  and  Tuolumne  River,  and  extending  from  the  west- 
ern boundarv  of  Modesto  district  eastward  to  the  Modesto  irrigation 
district  reservoir  at  Dallas  Lake.  Some  of  the  bottom  lands  along 
Tuolumne  River  east  of  Dallas  Lake,  and  some  of  the  bench  lands  lying 
directly  north  of  them,  are  also  included. 

Waterford  district  was  organized  by  a  vote  of  70  to  1  on  September 
6,  1913,  and  steps  were  immediately  taken  to  make  necessary  surveys 
and  to  outline  a  system  of  works.  Both  Tuolumne  and  Stanislaus  rivers 
were  considered  as  sources  and  the  former  determined  upon.  It  was 
realized,  however,  that  on  account  of  prior  appropriations  on  the  river 
by  ^fodesto  and  Turlock  irrigation  districts,  and  by  the  city  of  San 
Francisco  for  a  municipal  supply,  as  well  as  by  power  companies,  the 
chief  dependence  must  be  placed  on  storage.  This  it  proposes  to 
acquire  through  cooperation  with  Modesto  and  Turlock  districts  in  the 
construction  of  the  contemplated  reservoir  in  Tuolumne  River  about  six 
miles  above  La  Grange  dam.  Water  is  now  available  to  Waterford  dis- 
trict without  storage  during  the  flood  periods  of  the  late  spring  and 
early  summer,  and  the  district  is  now  seeking  to  acquire  a  right  to  divert 
water  through  Modesto  canal  by  enlarging  that  canal  down  to  the 
Waterford  district  lands.  ^At  one  time  it  was  proposed  to  petition 
Modesto  irrigation  district  for  the  inclusion  in  that  district  of  all  the 
land  of  the  Waterford  district,  but  this  plan  has  been  abandoned.  The 
best  method  of  combining  the  works  cf  the  two  districts  and  the  proper 
cost  to  be  borne  by  Waterford  district  have  been  under  discuasion  for 
some  months,  but  in  order  to  reach  a  conclusion  most  easilv,  it  is  now 
proposed  for  Waterford  district  to  bring  suit  for  condemnation  of  a 
right  of  way  through  ^lodesto  canal,  as  permitted  by  an  amendment  to 
the  Code  of  Civil  Procedure  paased  at  the  last  session  of  the  California 
legislature.^  In  connection  with  this  condemnation  suit  is  is  proposed 
to  ask  the  State  Railroad  Commission  to  fix  the  price  to  be  paid  by 
Waterford  district. 

Land  included  in  Wat(M'ford  district  is  very  similar  to  that  in  Oak- 
dale  district,  and  is  really  a  continuation  of  it.  For  years  the  area 
included  wns  a  very  satisfactory  grain  producing  section,  and  mast  of 
the  land  in  the  district  is  now  dry-cultivated  for  that  crop.     There  are 

'This  rijrlit  has  sIikm*  bcou  nr-(iuin'(l  at  a  cost  of  $*jr»4.(KXM)0,  which  includcK  both  nil 
iiilfi'ost  ill  La  (Jraiijjp  Dain  and  Jui  interost  in  i\\o  (nilargod  works  necessary. 

-Slatnli's  V.M.').  dianter  421).  Anions:  other  things,  tliis  chapter  amends  section  1*240 
of  thr  Code  of  (Mvil  ProcedMre  by  providing  that  i)roperty  appropriated  to  one  public 
use  by  any  irri^aition  district  may  bo  taken  by  another  irrieration  district  for  another 
public  use  for  a  purpose  not  inconsistent  with  existing  purposes  and  use,  this  to 
include  the  right  to  enlarge,  chanire.  or  improve  the  property  to  be  taken. 
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about  150  assessment  payers  in  the  district,  about  6,000  acres  out  of 
the  total  13,000  acres  included,  however,  being  the  property  of  one 
individual.  Final  estimates  of  cost  have  not  been  made,  but  it  is 
hoped  to  bring  the  cost  per  acre  within  $30.00,  exclusive  of  raservoir 
constniction.  If  there  is  no  delay  in  the  proceedings  now  under  way, 
it  is  expected  that  some  water  will  be  available  through  Modesto  canal 
during  the  high  water  period  of  1916. 

MODESTO.i 

As  detailed  in  the  history  of  Modesto  irrigation  district,  previously 
given,  irrigation  water  first  became  available  for  general  use  in  this 
district  in  the  early  spring  of  1904.  During  that  year  ]Modasto  canal 
carried  a  mean  flow  of  167  and  a  maximum  flow  of  278  cubic  feet  per 
second  and  supplied  water  to  6,895  acres.  The  maximum  diversion  dur- 
ing the  season  of  1915  has  been  730  cubic  feet  per  second  and,  according 
to  estimates  supplied  to  the  superintendent  of  the  district  at  the  begin- 
ning of  the  irrigation  season  of  1915,  the  total  area  for  which  water 
applications  were  filed  with  the  district  for  the  season  of  1915  was 
51,915  acres,^  In  1904  the  number  of  assessment  payers  in  the  district 
was  1,053,  the  assessed  valuation  w^as  $4,342,125.00,  and  the  total  irriga- 
tion district  tax  was  $112,895.25.  In  1914  the  number  of  assessment 
payers  had  increased  to  2,912,  the  assessed  valuation  to  $6,961,245.00, 
and*  the  total  tax,  which  was  even  larger  in  1911  and  1913,  to  $174,- 
031.13.  The  bonded  indebtedness  of  the  district  in  1904  was  $1,388,- 
511.00,  or  $17.10  for  each  of  the  81,143  acres  in  the  district.  On 
December  31,  1914,  the  outstanding  bonded  indebtedness  was  $1,605,- 
823.75,  to  which  has  since  been  added  the  fifth  and  sixth  issues,  dated 
July  1.  1914,  amounting  to  $610,000.00,  making  a  total  of  $2,215,823.75. 
or  an  average  of  $27.30  per  acre.  With  the  exception  of  the  years  1907, 
1911,  and  1913,  when  extra  large  special  assessments  were  levied  for 
improvements,  this  increase  has  been  accomplished  with  no  addition  to, 
and  sometimes  with  even  a  slight  reduction  of,  the  irrigation  district 
tax  rate.  During  these  eleven  years  the  minimum  tax  rate  has  been 
$2.30  and  the  maximum  $3.75  per  $100.00  of  assessed  valuation.  For 
the  past  ten  years  the  special  assessments  for  betterments  have  ranged 
from  .$25,000.00  to  $75,000.00  per  annum,  and  have  averaged  about 
$40,000.00. 

The  succeeding  account  of  the  present  status  of  Turlock  irrigation 
district  tells  something  of  the  difficulties  that  have  arisen  in  the  adjust- 
ment of  the  farmers  of  that  district  to  the  practice^  of  irrigation.  Con- 
ditions in  Modesto  district  have  ])ee.n  wvy  siniilnr,  and  the  n'sult   in 
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Modesto  district,  as  in  Tiirloek  district,  has  finally  been  a  better  and 
broader  outlook  on  the  part  of  the  farmers,  and  a  definite  tendency 
toward  improved  standards  of  management.  How  to  improve  and  en- 
large the  district  works,  the  amount  of  storage  needed,  and  how  best 
to  get  it,  the  proper  division  of  the  district  into  electoral  divisions  in 
order  to  minimize  what  some  considered  undue  control  bv  the  voters  in 
the  city  of  Modesto,  methods  and  efficiency  of  water  distribution,  who 
should  be  the  engineer  and  superintendent  and  what  should  be  his 
authority,  and  the  attitude  the  district  should  assume  toward  diversions 
from  the  Tuolumne  River  watershed  by  the  city  of  San  Francisco,  have 
been  among  the  problems  that  have  caused  controversy.  Regardless  of 
whether  these  matters  have  been  rightly  or  wrongly  settled,  the  district 
has  made,  and  is  making,  a  definite  and  commendable  advance,  and  is 
now  engaged  in  a  type  of  permanent  betterments  that  must  stand  as  a 
credit  to  the  community. 

In  1904  there  were  8,932  lineal  feet  of  wooden  flumes  and  thirteen 
large  wooden  structures  on  the  main  Modesto  canal.  When  work  now 
under  way  is  completed  all  of  the  wooden  flumes  and  mast  of  the  drops 
will  have  been  eliminated  and  permanent  construction  substituted.  This 
permanent  construction,  which  began  in  1904,  and  has  been  continued 
as  means  would  permit  each  year  since  then,  has  also  included,  among 
other  improvements,  the  rebuilding  of  part  of  the  headgate  at  La  Grange 
dam,  a  large  amount  of  concrete  lining  near  the  upper  works,  hydraulic 
fills  with  concrete-lined  channels  at  the  upper  and  lower  Dominici  and 
the  Morton  gulch  crossings,  the  construction  of  Dallas  and  Warner 
foothill  reservoirs,  at  a  cost  to  date  of  approximately  $260,000.00, 
enlargement  of  a  portion  of  the  main  canal  above  the  reservoirs  to 
a  carrying  capacity  of  2,000  cubic  feet  per  second,  and  a  beginning  on  a 
drainage  system  in  the  district.  Work  now  under  way,  which  is  being 
paid  for  from  the  proceeds  of  the  fifth  and  sixth  bond  issues,  bearing 
6  per  cent  interest,  of  which  $25,000.00  was  sold  at  par  to  the  state  and 
$585,000.00  sold  for  cash  through  a  bond  broker  at  90.6,  includes  con- 
struction of  hydraulic  fills  with  concrete-lined  channels  at  Indian  Hill, 
Gasburg,  Rairdan,  and  Salter  gulch  crossings,  a  reinforced  concrete 
flume  and  spillway  at  the  Dry  Creek  crossing,  completion  of  the  recon- 
struction of  the  headgate  at  La  Grange  dam,  and  the  construction  of  a 
concrete  cut-off  wall  at  the  inner  toe  of  the  outlet  dam  at  Dallas  reservoir 
and  the  facing  with  concrete  of  dams  Nos.  1  and  6  at  the  same  reservoir. 
When  this  work  is  completed  it  is  proposed  to  spend  an  additional 
$35,000.00  in  adding  to  the  main  open  drain  system  in  the  district,  to 
line  three  or  four  miles  of  the  main  canal  at  dangerous  points,  to  give 
the  main  canal  a  capacity  of  2,000  cubic  feet  per  second  from  La  (irangc 
dam   to  tlic  reservoirs  and  a  capacity  of  1,200  cubic  feet  per  second 


PLATE  VII. 


Pig.   I.— Concrete-lined  portion  of  Modeito  Canal  in  loothilla  below  Lt  Grin 


Pig  Z.— Hydraulic  fill  with  concrete-lined  channel,  Vadeato  Canal. 
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k'tween  the  reservoirs  and  the  dislriet  line,  to  build  about  fifty  principal 
concrete  headjrates  and  eheeks  within  the  district,  to  replace  the  four 
remaining  wooden  drops  in  the  main  eanal  with  permanent  concrete 
structures,  and  to  build  permanent  wasteways  at  Waterford  and  at  the 
lower  Dominici  fill.  The  engineer's  estimate  is  that  for  the  completion 
of  the  above  work  about  $250,000.00  will  be  necessary  in  addition  to  the 
$610,000.00  in  bonds  comprising  the  fifth  and  sixth  issues.  There  will 
then  be  left  to  build  such  additional  drainage  works  as  are  found  to  be 
necessarj^  and  such  additional  reservoirs  as  it  is  decided  to  construct. 
Plans  are  now  tentatively  under  way  for  the  construction  of  a  reservoir 
in  the  bed  of  Tuolumne  River  about  six  miles  above  La  Grange  dam  in 
conjunction  with  Turlock  district.  It  has  recently  been  proposed  to 
make  an  endeavor  to  get  federal  aid  in  the  construction  of  this  reservoir, 
it  being  claimed  by  the  districts  that,  after  having  built  up  their  com- 
munities entirely  through  their  own  efforts,  they  are  now  as  much 
entitled  to  federal  aid  in  reservoir  construction  as  are  different  recla- 
mation projects  in  which  a  very  large  proportion  of  the  land  benefited 
was  in  private  ownership  prior  to  government  construction. 

In  common  with  other  California  irrigation  districts,  Modesto  dis- 
trict has  developed  its  own  peculiar  plan  of  levying  district  assessments. 
Improvements  were  exempted  from  district  assessment  on  June  3,  1911, 
by  vote  of  487  to  403.  Prior  to  that  time  a  considerable  portion  of  the 
total  taxes  raised  came  from  improvements.  Under  present  conditions 
the  district  assessor,  in  general,  raises  both  farm  and  city  property 
within  the  district  about  50  per  cent  above  the  assessment  for  county 
purposes,  except  that  the  maximum  appraisal  per  acre  for  farm  land  in 
the  district  is  $90.00,  this  being  the  base  for  appraisal  within  one  mile  of 
the  city  of  Modesto.  Around  the  towns  of  Salida  and  Empire  the  base 
for  appraisal  purposes  is  $85.00.  From  these  two  bases  of  $90.00  and 
$85.00  assessments  grade  down  to  about  50  per  cent  above  the  county 
valuation.  Vacant  farming  lands  within  the  city  of  Modesto  which  are 
held  for  subdivisional  purposes  are  appraised  at  from  $150.00  to  $200.00 
per  acre.  An  innovation  in  the  assessment  of  business  lands  within  the 
city  of  Modesto  is  the  addition  of  about  25  per  cent  and  possibly  a  little 
more  on  such  property  over  the  appraisal  of  town  residence  proi)erty. 
The  question  of  reducing  the  assessment  on  lands  too  far  from  the  dis- 
trict canals  to  be  served  with  water  has  never  arisen  in  Modesto  district 
because  the  district  does  not  build  the  distributing  laterals  other  than 
the  main  laterals.  In  some  cases,  however,  the  district  has  taken  over 
private  laterals  built  by  others  on  condition  that  the  irrigators  served 
sign  agreements  to  abide  by  the  rules  of  the  district.  For  this  it  has 
been  necessary  to  employ  additional  ditchtenders  who  serve  from  three 
to  ten  days  per  run  at  a  daily  wage  of  $2.50.  In  this  connection  it 
might  be  added  that  the  district  is  drifting  toward  the  plan  of  complete 
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district  control  aiul  «iii)ervision  of  distril)iitioii,  rcgardlesij  of  lateral 
owners. 

The  distribution  of  water  in  Modesto  district  is  now  under  the  control 
of  a  superintendent  and  sixteen  ditchtenders,  the  latter  receiving 
$70.00  to  $80.00  per  month  with  neither  house  nor  means  of  conveyance 
furnished.  On  the  main  canal  ditchtenders  are  employed  the  year 
around,  the  others  being  employed  during  the  irrigation  season  only, 
although  they  are  used  a  portion  of  the  nonirrigating  season  in  general 
canal  maintenance. 

The  usual  irrigating  head  delivered  in  Modesto  district  is  20  cubic 
feet  per  second.  When  the  district  first  started  irrigation,  methods  of 
preparing  land  were  exceedingly  crude,  the  contour  method  with  high 
and  irregular  levees  being  the  most  common  practice.  At  present  a 
majority  of  the  irrigators  use  *' gravity^'  or  strip  cheeks  from  50  to  150 
feet  wide  and  up  to  one-fourth  mile  long,  with  the  best  practice  confined 
to  checks  less  than  75  feet  wide  and  not  over  one-eighth  mile  long. 

The  directors  of  Modcvsto  district  still  devote  a  good  deal  of  their  time 
to  its  management,  holding  regular  meetings  during  construction  periods 
about  once  per  week,  with  committees  of  two  or  three  directors  devot- 
ing about  an  average  of  one  day  per  week,  in  addition,  to  general 
supervision.  At  present  the  construction  and  operating  forces  are 
entirely  separate. 

The  amendment  to  the  irrigation  district  act  permitting  the  recall  of 
elective  officers  in  irrigaticm  districts  was  passed  at  the  instance  of 
people  living  in  Modesto  district  and  recall  elections  have  been  resorted 
to  on  three  occasions,  in  two  of  which  they  were  successful.  As  indicat- 
ing a  more  stable  feature  of  the  management  of  this  district,  however, 
the  interesting  fact  is  worth  noting  that  the  very  efficient  secretary  of 
the  district  has  been  kept  steadfastly  and  continuously  at  his  post  for 
the  last  tw^enty-four  years. 

The  matter  of  redivisioning  Modesto  district  in  order  to  place  the 
city  of  Modesto  in  a  division  entirely  separated  from  the  divisions 
embracing  the  farm  lands  at  one  time  aroused  considerable  discus- 
sion and  was  finally  carried  out.  The  idea  prompting  the  change 
was  that  if  embraced  within  a  single  electoral  division,  the  voters  in 
Modesto  would  not  be  able  to  control  the  board  of  directors  as  some 
had  charged  they  had  been  able  to  do  when  the  city  extended  into 
several  of  the  divisions.  The  main  argument  advanced  against  the 
redivision  was  that  about  one-half  of  the  population  of  the  district 
resides  wnthin  the  city,  and  that  having  its  representation  upon  the 
board  of  directors  reduced  to  one  out  of  five,  the  city  population 
would  be  unfairly  treated. 
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TURLOCK.1 

Turlock  irrigation  district,  since  its  financial  reorganization  in  1902, 
and  Modesto  district,  directly  across  Tuohmme  River,  since  the  refund- 
ing of  its  indebtedness,  have  furnished  the  most  interesting  phases  of 
the  histor>'  of  irrigation  district  operation  in  California  under  the 
amended  law  of  1897.  In  no  other  districts  in  the  state  have  the 
provisions  of  the  law  been  so  fully  taken  advantage  of,  and  in  no  other 
districts  have  the  people  experienced  so  fully  the  personal  and  social 
readjustments  necessarj^  in  a  municipal  enterprise  of  the  magnitude  of 
these  two  districts.  The  latter  statement  is  made  with  due  realization 
of  the  fact  that  internal  controversies  have  occurred  even  within  the 
past  year,  and  that  they  are  sure  to  occur  in  the  future,  yet  in  the  belief 
that  the  net  gain  in  the  ability  of  the  communities  to  deal  successfully 
with  the  complicated  questions  involved  in  the  management  of  the 
large  properties  involved  has  been  a  definite  and  a  permanent  one. 

Water  was  first  available  in  Turlock  irrigation  district  in  1901,  in 
which  year  it  was  used  on  3,757  acres.  Holdings  were  scattered  widely 
over  the  district  and  any  satisfactory  delivery  of  water  was  out  of  the 
question.  Few  in  the  district  had  had  experience  in  irrigation,  and  in 
their  ignorance  of  their  own  difficulties  and  of  difficulties  of  the  district 
officers  many. expected  far  more  from  the  district  than  it  was  possible 
for  the  district  to  give.  The  first  few  years  were  therefore  naturally 
stormy  ones  and  meetings  of  dissenters  were  frequent  and  often  acri- 
monious. Being  wholly  unused  to  the  handling  of  million-dollar  cor- 
porations, the  farmer-directors,  always  naturally  conservative,  felt  their 
way  with  extra  caution  and  hesitated  to  spend  even  pennies  where 
dollars  were  required  for  efficient  administration.  In  spite  of  continual 
agitation  there  was  only  slow  improvement  in  the  earlier  crude  con- 
ditions for  seven  or  eight  years,  and  neither  the  first  nor  the  second 
nor  the  third  superintendent  was  able  to  come  up  to  the  expectations  of 
the  water  users.  Happily,  conditions  have  greatly  changed  in  Turlock 
district  in  the  last  few  years.  Although  to  state  that  there  is  no  longer 
any  trouble  would  be  far  in  excess  of  the  truth,  nevertheless  the  better 
attitude  of  the  people  of  the  district  toward  its  manafjement  is  not  th(» 
least  of  the  district's  present  assets.  The  harness-shop  desk  room  of  the 
first  superintendent,  paid  for  by  him,  has  given  way  to  substantial  office 
quarters  on  the  main  street  of  Turlock  owned  by  the  district,  where  at 
least  the  essential  needs  of  both  engineering  corps  and  office  force  are 
provided.  So,  also,  ample  automobile  conveyance,  furnished  by  the  dis- 
trict, has  replaced  the  slower  team  conveyance  of  the  first  years  which 
the  superintendent  of  the  district  was  expected  to  supply  at  his  own 


*For  additional  data  on  the  prospiit  status  of  Turlock  irripntion  district,  nrr  the 
n»port  on  this  district  by  the  IrriRntion  I>istrict  Bond  (Commission  of  California, 
dated  June  25,  1914.     California  State  l*rinting  Office,  3914. 
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expense.  In  place  of  the  almost  total  absence  of  any  records  whatever, 
either  as  to  the  running  of  water  or  the  physical  condition  of  the  system, 
as  in  the  early  years  of  operation,  data  are  now  available  in  quite  com- 
plete form  for  nearly  every  phase  of  the  district's  various  activiti^. 
The  first  superintendent  had  few  if  any  facilities  for  establishing  any- 
thing like  an  equitable  distribution  of  water,  either  among  the  various 
laterals  or  among  the  users.  He  had  little  knowledge  of  seepage  losses 
on  the  system  and  no  means  of  making  measurements.  The  present 
engineer  has  two  men  with  current  meters  constantly  employed  in 
determining  losses  and  aiding  in  the  measurement  of  water  to  the 
various  distributaries  and  in  assisting  the  ditchtenders  in  maintaining 
the  standard  ** heads."  And  now  with  the  data  at  his  command  the 
engineer  is  able  to  direct  such  division  of  the  water  as  will  result  in 
delivering  to  each  ditchtender  the  amount  necessary  to  give  him  his 
pro  rata  share  of  the  entire  supply  after  allowing  for  seepage  and 
evaporation  losses  in  transit.  By  knowing  the  amount  of  water,  in 
acre-feet,  delivered  daily  to  each  ditchtender  and  by  having  delivery 
receipts  from  each  irrigator  receiving  water  the  engineer  is  able  to  keep 
a  close  check  on  the  work  of  the  ditchtenders.  While  it  can  not  be  said 
that  distribution  is  yet  always  wholly  satisfactory  either  to  the  engineer 
or  to  all  of  the  irrigators,  yet  conditions  both  in  the  handling  of  the 
water  and  in  the  reasonableness  of  the  irrigators  have  so  greatly 
improved  that  w^ater  distribution  in  Turlock  district  is  no  longer  a 
source  of  constant  friction. 

The  present  area  of  Turlock  irrigation  district  is  175,566  acres,  644 
acres  having  been  withdrawn  in  March,  1911.  The  number  of  tax- 
payers has  increased  from  400  in  1901  to  5,000  in  1914,  and  the  area 
irrigated  from  3,757  acres  in  1901  to  95,698  acres,  or  about  55  per  cent 
of  the  total  area  in  the  district,  in  1915.  Along  with  this  increase  in  the 
number  of  taxpayers  and  the  area  irrigated  there  has  necessarily  come 
an  increase  in  the  extent  of  the  works  and  in  the  bonded  indebtedness. 
The  total  length  of  canals  and  main  laterals  has  grown  from  135.16 
miles  in  1900  to  230.57  miles  in  1915,  not  counting  about  700  miles  of 
sublaterals;  the  bonded  indebtedness  has  increased  from  $1,170,000.00 
in  1901  to  $2,302,400.00,  or  $13.11  per  acre,  at  the  close  of  1914,  all 
bonds  except  the  original  funded  issue  bearing  5  per  cent.  This 
increase  in  bonded  indebtedness  has  raised  the  tax  rate  from  $2.40  in 
1901  to  $3.65  in  1914,  and  the  total  tax  for  both  bonds  and  maintenance 
and  operation  from  $40,766.40  in  1901  to  $370,829.89  in  1914.  With 
this  increase  in  tax  rate,  however,  has  come  an  increase  in  the  amount 
of  water  run,  from  a  maximum  of  535  cubic  feet  per  second  in  1904, 
the  first  year  of  keeping  records,  to  a  maximum  of  1,580  cubic  feet  per 
second  in  1915.  During  these  years  the  total  assessed  valuation  within 
the  district  has  gone  up  from  $1,788,589.00  to  $10,165,890.00. 


PLATE  VIII. 


Pig.  I. — Typical  cancicte  check  with  lutomstic  icgulitini  g»i«,  Tiulock  Iiticitioa  Dittiict. 
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The  increased  expenditures  on  capital  account  since  1901  have  been 
mainly  applied  to  improvements  in  the  upper  works,  the  construction 
of  the  Davis  foothill  reservoir,  the  construction  of  new  laterals  from 
the  old  system  or  the  extension  of  laterals  already  built,  the  construction 
of  the  high-line  canal  28.97  miles  long,  together  with  various  cross 
ditches  and  laterals,  and  the  substitution  of  permanent  for  the  former 
temporary  structures  in  different  parts  of  the  system.  Improvements 
in  the  upper  works  have  included  new  headworks  and  controlling  gates, 
the  elimination  of  about  900  lineal  feet  of  wooden  flumes  and  the  con- 
struction in  their  place  of  concrete-lined  hydraulic  fills,  the  concreting 
of  points  in  the  main  canal  where  seepage  was  heavy  and  the  banks 
unsafe,  and  the  reconstruction  or  the  widening  and  deepening  of  por- 
tions of  the  main  canal  above  Hickman.  Surveys  have  been  made  and 
some  preliminary  work  done  and  land  purchased  for  an  additional 
reservoir  on  Tuolumne  River  about  five  miles  above  La  Grange,  but  no 
provision  has  yet  been  made  for  the  cost  of  construction.  Automatic 
regulating  gates  have  been  installed  at  all  principal  division  points  and 
at  many  points  of  minor  importance.  The  present  plans  of  the  district, 
if  carried  out,  will  result,  in  addition  to  further  storage,  in  completing 
the  enlargement  of  the  main  canal  to  a  capacity  of  2,000  cubic  feet  per 
second  from  La  Grange  to  Hickman  and  improving  the  present  dis- 
tributing system,  including  the  construction  of  several  new  laterals 
necessary  to  reach  land  now  coming  into  cultivation  and  the  lining  of 
canals  and  laterals.  The  construction  of  the  works  of  the  district  and 
their  improvement  have  not  been  accomplished  without  both  mistakes 
and  unforeseen  difficulties  and  more  than  once  breaks  in  the  upper 
works  have  caused  serious  damage  and  not  infrequently  loss  of  crops 
through  temporary  stopping  of  the  water  supply.  For  an  enterprise 
with  such  large  capital  investment  and  such  important  construction  as 
Turlock  district  shows  there  has  undoubtedly  been  undue  conservatism 
in  the  emplo>Tnent  of  special  engineering  advice,  yet  the  generally  satis- 
factory outcome,  both  as  to  acre-costs  and  character  of  works,  must  be 
considered  a  definite  achievement. 

In  determining  valuations  for  irrii>ation  district  puri)()scs  the  assessor 
of  Turlock  irrigation  district  is  now  endeavoring  to  appraise  land  at 
about  50  per  cent  of  its  market  value.  Prior  to  1910  it  was  usual  to 
take  the  county  assessment  roll  in  making  up  the  district  assessment 
roll.  In  that  year  the  district  a.s.sessor  raised  all  of  the  lands  $20.00  per 
acre  regardless  of  their  value,  which  of  course  resulted  in  a  very  much 
larger  percentage  of  increase  on  the  low-valued  lands  than  on  thase 
that  were  valued  high.  That  arrangement,  however,  was  onl>^  tempo- 
rary, although  the  present  assessor  has  held  to  the  valuations  of  $20.00 
above  the  county  assessment  on  average  land  of  the  district.  The 
highest  valuation  placed  on  any  of  the  farm  lands  in  the  district  is  now 
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$80.00  per  acre.  Land  too  high  to  receive  water  from  the  canals,  but 
which  can  still  be  used  for  dry-farming,  is  assessed  at  $15.00.  Land 
that  has  been  swamped  by  irrigation  is  valued  at  $1.00.  Land  available 
for  suburban  subdivision  adjoining  the  city  limits  of  Turlock  in  some 
cases  runs  up  to  a  valuation  of  $150.00  per  acre.  Around  other  towns 
in  the  district  assessment  is  entirely  on  a  farm  land  basis.  The  assessor 
is  now  endeavoring  to  consider  all  of  the  elements  that  make  up  market 
value,  as  character  of  soil,  proximity  to  towTi,  etc.  Up  to  1915  the  town 
property  has  been  given  a  value  slightly  below  that  carried  on  the 
county  assessment  roll,  this  favoring  of  the  towns  having  been  con- 
sidered justifiable  because  of  the  extra  local  taxes  there  for  town 
improvements.  Land  in  all  of  the  towns  is  carried  at  the  figures  given 
on  the  county  assessment  roll,  w^hich  are  estimated  to  range  from  40  to 
50  per  cent  of  market  value.  In  1914  the  district  voted  to  exempt 
improvements  from  irrigation  district  taxes. 

Turlock  irrigation  district  has  tried  various  methods  of  supervLsinj? 
water  distribution  and  delivery.  At  first  both  maintenance  and  opera- 
tion and  all  engineering  work  were  in  the  hands  of  the  engineer  and 
superintendent.  Later  a  superintendent  of  water  delivery  was  placed 
directly  under  the  board  and  the  duties  of  the  engineer  were  confined  to 
engineering  matters.  There  has  recently  been  a  demand  for  putting 
the  entire  responsibility  for  engineering  and  distribution  in  the  hands 
of  a  single  official  and  that  plan  is  now  followed,  an  assistant  engineer 
attending  to  water  delivery  under  the  direction  of  the  chief  engineer. 
Water  delivery  records  are  kept  in  both  field  and  office.  In  January 
each  ditchtender  goes  over  his  entire  di\nsion  and  receives  from  each 
irrigator  applications  for  water  for  the  pending  season,  specifying  the 
acreage  of  each  crop  to  be  irrigated.  These  applications  are  copied  in 
alphabetical  order  into  a  book  in  the  district  office  and  form  a  perma- 
nent record.  There  is  also  kept  in  the  office  a  typewritten  list  of  the 
irrigators  under  each  ditchtender,  arranged  in  the  order  in  which  they 
are  to  receive  water,  and  showing  the  number  of  acres  each  is  to  irri- 
gate. Gauges  are  installed  at  the  point  each  ditchtender  receives  his 
supply  from  the  main  canal  and  also  at  each  point  of  delivery.  All 
land  is  irrigated  in  rotation,  beginning  at  the  lower  end  of  the  canals, 
the  average  alfalfa  ''head"  being  20  cubic  feet  per  second  measured  at 
heads  of  private  ditches  and  the  time  allowed  usually  being  thirty  min- 
utes to  the  acre  which,  after  allowing  for  seepage,  gives  a  depth  of 
approximately  .60  foot  over  each  acre  for  each  irrigation.  Where  10 
cubic  feet  per  second  is  delivered  one  hour  is  allowed  in  order  to  give  the 
same  quantity.  This  smaller  head  is  called  for  only  for  orchard  and 
other  furrow  irrigation.  When  there  is  an  abundance  of  water  the  time 
of  irrigation  is  extended  on  account  of  high  checks  or  other  conditions 
making  distribution  difficult.     In  the  delivery  of  water,  receipts  are 
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taken  in  triplicate  from  each  irrigator,  the  original  being  sent  to  the 
office  at  Turlock,  one  copy  being  given  to  the  irrigator,  and  one  copj' 
retained  by  the  ditchtender.  Private  ditches  are  all  maintained  by  the 
irrigators  who  receive  water  from  them.  Some  of  these  are  in  poor 
condition  and  w^here  such  is  the  case  the  district  frequently  refuses  to 
turn  in  water  until  conditions  are  improved.  At  present  thirty-one 
ditchtenders  are  employed,  mostly  at  the  rate  of  $75.00  per  month,  and 
their  time  for  eight  months  is  charged  to  operation  and  for  four  months 
to  maintenance.  A  machine  shop  is  maintained  with  a  machinist  at 
$100.00  per  month,  a  blacksmith  at  $3.50  per  day,  and  a  helper  at  $2.50 
per  day.  There  is  also  maintained  a  repair  camp  with  a  foreman  at 
$90.00  per  month,  two  helpers  at  $72.50  per  month,  a  cook  at  $45.00  per 
month,  and  eight  day  employees  at  wages  ranging  from  $2.25  to  $3.00 ; 
also  a  ditch  maintenance  camp  with  a  foreman  at  $75.00  per  month,  and 
fifteen  teamsters,  helpers,  laborers,  and  carpenters  at  wages  ranging 
from  $2.25  per  day  to  $50.00  per  month.  The  expense  of  the  repair 
camp  is  charged  to  maintenance  and  operation  for  eight  months  and  to 
new  work  for  four  months  each  year,  and  that  of  tlie  ditch  maintenance 
oamp  to  maintenance  and  operation  for  four  months  and  to  new  w^ork 
for  eight  months.  The  cost  of  superintendence  of  maintenance  and 
operation,  including  all  measurement  of  water,  is  $600.00  per  month  for 
eight  months  each  year.  The  general  office  force  at  Turlock  consists  of 
the  .secretary  at  $100.00  per  month,  bookkeeper  at  $100.00  per  month, 
assessor-collector-treasurer  at  $175.00  per  month,  and  clerical  and  other 
help  at  a  total  of  $115.00  per  month. 

Alfalfa  is  still  the  principal  irrigated  crop  in  Turlock  district,  the 
acreage  devoted  to  it  in  1915  being  64,558  acres.  Other  crops  and 
acreages  are:  vines,  3,208  acres;  trees,  4,722  acres;  garden,  837  acres; 
com,  5,870  acres;  beans,  863  acres;  sw^eet  potatoes,  3,151  acres;  melons, 
3,840  acres;  grain,  5,594  acres;  miscellaneous,  1.660  acres;  berries, 
9  acres ;  new  land,  743  acres ;  nursery,  643  acres. 

In  recent  years  it  has  been  the  policy  of  the  board  of  directors  oT 
Turlock  district  personally  to  give  a  great  deal  of  their  attention  to  the 
physical  properties  of  the  district.  For  this  purpose  they  have  met 
frequently  and  have  frequently  gone  over  the  district  works,  especially 
daring  reconstruction  and  important  repairs.  The  law  allows  directors 
a  per  diem  of  $4.00  for  each  day  devoted  to  the  affairs  of  the  district. 
The  total  amount  received  by  them  in  fees  in  1914  amounted  to  approxi- 
mately $2,500.00,  indicating  that  on  the  average  each  director  devoted 
about  125  days  to  district  affairs  during  the  year.  It  is  estimated  that 
during  1915,  however,  each  director  will  average  only  about  three  or 
four  days  per  month.  At  present  the  directors  work  largely  through 
standing  committees  which  change  frequently  in  order  to  keep  the 
various  members  of  the   board   in   close   touch   with   district   affairs. 
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Except  in  one  or  two  instances,  it  is  believed  that  the  boards  of  directors 
of  the  district  have  worked  harmoniously  together,  yet  there  has  been 
some  local  public  criticism  of  the  policy  of  the  board  under  which  its 
members  frequently  undertake  to  determine  matters  about  which  only 
the  engineer  of  the  district,  or  better,  a  consulting  engineering  specialist 
is  best  able  to  judge.  Out  of  this  situation  there  has  grown  up  a  con- 
siderable sentiment  in  favor  of  the  employment  of  a  district  general 
manager  with  whom  final  responsibility  should  be  lodged.  The  recall 
has  been  employed  in  Turlock  district  on  only  two  occasions,  and  then 
against  individual  members  of  the  board  of  directors.  In  each  case 
it   was   unsuccessful,    the    incumbents   beinfi:   retained   by   substantial 

majorities. 

ALTA. 

This  district  is  the  third  largest  in  California,  with  130,000  acres. 
Althougli  during  the  hard  years  following  the  early  nineties  and  prior 
to  the  bond  settlement  and  refunding  in  1901  and  1902  it  was  in  poor 
financial  condition,  it  has  never  ceased  activity  since  organization  in 
1888,  and  is  now  in  a  generally  prosperous  condition.  Old  wooden 
structures  are  gradually  being  replaced  with  concrete,  the  cost  of  this 
being  paid  from  annual  assessments  for  maintenance,  operation,  and 
betterments.  Work  of  this  character  done  since  the  bond  settlement  in 
1901  and  1902  has  included  a  new  main  headgate  of  reinforced  concrete 
in  Kings  River,  costing  about  $9,000.00;  a  light  concrete  dam  96  feet 
long  at  Wahtoke  Creek,  costing  only  about  $250.00 ;  1,500  lineal  feet  of 
4-inch  concrete  lining  in  the  main  canal  at  Dunnigan  Gap  where  the 
canal  is  50  feet  wide  on  the  bottom,  costing  about  $9,000.00;  alwut  250 
concrete  drops  replacing  wooden  structures  and  costing  from  $100.00  to 
$500.00  (*ach  ;  a  concn^te  flume  across  Sand  Creek,  costing  about  $500.00, 
and  the  linin<<  of  sections  in  a  number  of  laterals.  In  all  it  is  estimated 
by  the  superintendent  that  two-thirds  of  the  wooden  structures  on  the 
main  laterals  have  been  replaced  with  concrete.  The  system  is  in  such 
shape  now  that  1,300  cubic  feet  of  water  per  second  can  be  carried  and 
distributed  whenever  that  amount  is  available  from  the  river  and  is 
wanted  by  the  irrigators. 

Irrigation  practice  in  Alta  irrigation  district  is  still  very  wasteful. 
No  measurements  are  made  to  irrigators  and  except  in  very  dry  years 
tliey  are  given  whatever  water  they  want.  As  a  rule,  the  land  has  not 
been  well  prepared,  irsually  both  orchards  and  vineyards,  which 
together  make  up  more  than  one-fourth  of  the  crops  grown,  are  irri- 
gated, and  most  generally  by  various  methods  of  basia  flooding,  the 
application  of  as  much  as  1.5  to  2  feet  in  depth  per  irrigation  being  not 
at  all  uncommon.  Several  thousand  acres  in  the  district  are  still  in 
grain,  but  this  is  not  irrigated  much  now.    About  15  per  cent  of  the 
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farms  now  have  pumping  plants  to  supplement  gravity  irrigation,  when 
the  Kings  River  supply  gives  out,  as  it  usually  does  by  July.  No  steps 
have  been  yet  taken  by  the  district  to  provide  drainage,  which  is  still 
needed  in  parts  of  the  district.  No  ground  water  records  have  been 
kept,  but  the  superintendent  of  the  district  states  that  in  the  dry  years 
of  1913  and  1914  the  water  table  lowered  in  sections  about  four  feet. 
About  Reedley  it  now  stands  at  ten  to  twenty  feet  below  the  surface  in 
the  fall  of  the  year,  according  to  information  furnished  by  the  superin- 
tendent, and  at  five  to  seven  feet  below  the  surface  about  Dinuba.  In 
the  southwestern  portion  of  the  district  it  is  generally  higher,  especially 
when  water  is  being  run. 

Alta  irrigation  district  is  operated  at  a  relatively  low  cost.  Assess- 
ments for  operation,  maintenance,  and  betterments  since  1910  have 
ranged  from  $27,500.00  to  $35,000.00,  or  not  over  an  average  of  25  cents 
per  acre  per  year.  Valuations  of  farm  properties  for  district  assess- 
ment purposes  have  with  a  few  variations  ranged  from  $30.00  per  acre 
for  the  best  lands  down  through  successive  and  somewhat  arbitrary 
grades  of  $27.50,  $25.00,  $20.00,  $15.00,  $12.50,  $10.00,  $7.50,  $5.00, 
$3.00,  and  $2.50,  the  two  lowest  valuations  being  for  some  alkali  lands 
in  the  two  southern  divisions.  Land  of  good  quality  lying  adjacent  to 
the  canals,  but  just  too  high  to  receive  water  by  gravity,  is  valued  at 
$10.00  to  $20.00  on  the  ground  that  it  is  benefited  by  subirrigation. 
Improvements  on  farm  properties  are  assessed  in  about  the  same  ratio. 
All  of  the  several  towns  of  the  district,  including  Dinuba,  Reedley,  and 
Traver,  are  within  the  legal  boundaries.  Tjot  valuations  range  from 
$20.00  to  $60.00  for  a  20-foot  by  150-foot  lot,  exclusive  of  improvements, 
the  latter  being  added  at  about  20  per  cent  of  their  cash  value.  In  the 
district  assessment  of  1914  town  lots  were  given  a  total  value  of 
$128,504.00;  improvements  on  town  lots,  $204,505.00;  real  estate  other 
than  town  lots,  $2,348,733.00;  improvements  thereon,  $356,965.00;  mis- 
cellaneous properties,  $6,000.00 ;  total,  $3,044,707.00.  It  will  be  noted 
that  town  properties  carry  about  11  per  cent  of  the  total  district  tax. 
The  assessor  of  the  district,  individually  or  through  deputies,  visits  each 
tract  in  the  district  for  district  assessment  purposes  yearly  and  requires 
an  individual  declaration  from  each  property  holder,  as  in  the  case  of 
city  and  county  general  assessments  in  California.  Alta  is  the  only 
irrigation  district  visited  in  which  this  practice  is  followed. 

The  operation  of  Alta  irrigation  district  has  resulted  in  greatly 
reducing  the  size  of  land  holdings  and  in  increasing  the  number  of  dis- 
trict taxpayers  from  about  800  in  1895  to  about  3,100  in  1914.  There 
are  now  more  holdings  of  20  acres  than  of  any  other  size,  many  of  40 
acres,  a  few  of  160  acres  and  under  320  acres,  and  an  occasional  half- 
section.  Originally  there  were  many  full  sections  in  the  di.strict  and 
some  holdings  of  several  sections. 
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The  salaried  force  of  Alta  district  is  modestly  paid,  the  superin- 
tendent receiving  $1,500.00,  the  assessor  $800.00,  the  collector  $800.00, 
the  secretary  $600.00,  and  the  treasurer  a  nominal  salary  only.  While 
the  board  of  directors  hold  the  usual  monthly  meetings  and  confer  with 
the  superintendent,  and  occasionally  send  out  a  committee  of  one  or 
two  board  members  to  make  special  observations,  the  management  of  the 
physical  properties  of  the  district  is  left  almost  wholly  to  the  superin- 
tendent. No  delivery  records  are  kept  and,  as  already  stated,  no 
measurements  are  made  to  irrigators.  At  present  the  delivery  force 
under  the  superintendent  consists  of  seventeen  men,  each  of  whom 
receives  $75.00  per  month  for  six  to  seven  months  yearly  as  ditch- 
tenders,  and  day  wages  at  other  times  during  the  year  when  their 
services  can  be  used  in  repair  work  and  canal  cleaning.  The  district 
builds  and  maintains  all  gates  on  canals  and  laterals  situated  on  rights 
of  way  owned  by  the  district. 

Although  the  funding  bonds  issued  by  Alta  district  in  1902  do  not 
begin  falling  due  until  1921,  bonds  to  the  value  of  $41,500.00  have 
already  been  redeemed  from  surplus  interest  assessments,  68  having 
been  taken  at  .932  and  the  remaining  15  at  from  .896  to  .95.  It  is  the 
policy  of  the  district  to  reduce  bonds  whenever  there  is  a  surplus  in  the 
bond  fund  of  $5,000.00  or  $6,000.00.  The  present  bonded  indebtedness 
is  $451,000.00,  or  at  the  rate  of  only  $3.47  per  acre.  No  bonds  have 
been  issued  since  the  funding  bonds  of  1902. 

TULARE. 

The  community  served  by  Tulare  district  has  made  definite  progress 
since  its  bond  settlement  in  1903,  and  there  has  been  a  considerable 
improvement  of  the  irrigation  systems.  As  an  organization,  however, 
Tulare  district  has  not  advanced  materiallv.  So  severe  was  the  lesson 
of  the  old  bond  indebtedness  that  since  that  was  wiped  off  and  the 
bonds  burned  the  community  has  been  very  much  averse  to  using  the 
taxing  power  of  the  district  law.  With  the  exception  of  one  assess- 
ment of  $10,000.00  in  1909  for  betterments,  none  has  been  levied  sineo 
the  settlement,  the  entire  cost  of  maintenance  and  operation  and  of  some 
minor  betterments  having  been  met  from  water  tolls.  Owing  to  the 
wide  fluctuation  in  the  amount  of  water  used  each  year,  which  is 
dependent  on  the  supply  available  to  the  district  from  Kaweah  and 
St.  Johns  rivers,  the  amount  raised  from  tolls  has  also  fluctuated.  The 
smallest  annual  income  of  record  was  that  of  1913  when  only  about 
100  acres  was  watered  and  only  $141.75  received  from  tolls.  The 
largest  area  ever  irrigated  is  estimated  by  the  superintendent  at  15,000 
acres.  Eliminating  the  year  1913  above  referred  to,  the  total  tolls  from 
1909  to  1914  have  ranged  from  $2,981.85  in  1912  to  $10,475.20  in  1911, 
It  is  estimated  by  the  superintendent  that  about  6,000  acres  will  be 
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watered  in  1915.  The  tolls  charged  for  water  are  usually  $1.50  per 
acre  for  the  first  irrigation  and  $1.00  per  acre  for  each  subsequent  irri- 
gation, although  they  have  in  times  past  been  as  low  as  50  cents  per 
acre  per  irrigation. 

The  improvements  made  in  the  works  of  Tulare  irrigation  district 
have  not  involved  any  large  expenditures.  A  concrete  siphon  300  feet 
long  under  Kaweah  River,  w^th  a  claimed  capacity  under  an  8-foot 
head  of  300  cubic  feet  per  second,  cost  $3,200.00.  Most  of  the  wooden 
check  gates  in  the  canals  above  Tulare  have  been  replaced  by  concrete 
cheeks  at  an  average  cost  estimated  by  the  superintendent  at  $250.00. 
A  concrete  structure  at  the  Cameron  Creek  crossing  of  the  main  canal, 
so  built  as  to  permit  the  passage  of  Cameron  Creek  when  so  desired, 
involved  an  expenditure  of  $1,500.00.  Other  improvements,  with 
approximate  costs  when  known,  have  been  as  follows:  Raising  and 
repairing  of  dam  at  the  St.  Johns  River  intake,  about  $300.00;  waste- 
way  one-quarter  mile  below  the  dam,  about  $250.00 ;  repairs-  to  span  at 
St.  Johns  River  crossing,  about  $700.00  j  replacing  of  second  span  at 
St.  Johns  crossing;  new  wooden  delivery  headgates.  In  addition  to 
these  improvements,  twelve  acres  have  been  purchased  for  a  right  of 
way  in  Cameron  Creek  at  a  cost  of  $2,500.00. 

The  original  area  included  in  Tulare  district  was  39,360  acres,  but 
some  lands  have  been  excluded  since  organization  and  the  exact  present 
area  is  not  known  by  the  district  officers,  but  it  is  still  probably  in  excess 
of  35,000  acres.  The  city  of  Tulare,  covering  about  three  full  sections, 
was  taken  out  in  1911  and  about  750  acres  was  taken  out  two  years  later. 

The  principal  irrigated  crop  in  Tulare  district  is  still  alfalfa.  As  a 
rule  orchards  and  vineyards,  due  to  the  availability  of  ground  water, 
are  irrigated  only  in  the  drier  years.  Grain  crops  are  not  watered,  but 
after  harvesting  the  grain  many  irrigate  the  land  and  plant  Kaffir  or 
Jerusalem  corn.  The  district  has  no  storage  reservoir  and,  as  a  rule, 
the  water  available  after  satisfying  prior  rights  runs  out  by  July  15th. 
After  that,  however,  pumping  from  underground  sources  is  resorted  to, 
a  large  majority  of  the  farmers  having  installed  pumping  plants  in  the 
dry  years  1912  and  1913  if  they  had  not  already  done  so  before.  These; 
pumping  plants  have  done  much  both  to  improve  the  available  water 
supply  and  to  reduce  danger  from  the  rise  of  ground  water.  !Most 
farmers  in  the  district  irrigate  only  once  from  the  district  canals,  except 
that  when  the  season  makes  it  desirable  to  irrigate  as  early  as  March,  a 
second  irrigation  is  called  for.  Rarely  a  third  irrigation  from  the  canal 
system  is  practiced. 

The  irrigation  system  of  Tulare  irrigation  district  is  operated  very 
economically.  The  superintendent,  receiving  $125.00  per  month,  and 
the  secretary,  who  furnishes  the  district  office  quarters,  receiving  $35.00 
per  month,  are  the  only  members  of  the  force  who  are  continuously 
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employed.  One  headgate  man  is  given  a  house  and  his  provisions  and  a 
salary  of  $65,00  per  month  for  about  six  months  each  year.  Three 
ditchtenders  are  usually  employed  during  the  irrigation  season  at  $2.50 
per  day,  each  ditchtender  furnishing  and  maintaining  his  own  convey- 
ance. During  the  nonoperating  season  such  help  is  employed  as  is 
needed  to  do  whatever  work  money  is  available  for,  this  amount,  as 
already  indicated,  depending  on  the  quantity  of  water  available  during 
the  months  irrigators  want  it.  Water  is  delivered  in  rotation,  com- 
mencing at  the  upper  end  of  the  various  delivery  divisions,  except  that 
no  water  is  delivered  except  as  paid  for  in  advance  at  the  office  of  the 
secretary  of  the  district  in  Tulare.  On  receiving  application  and  pay- 
ment for  water  the  secretary  issues  a  written  order  on  a  special  printed 
form  and  this  reaches  the  proper  ditchtender  through  the  superin- 
tendent, all  ditchtenders  reporting  in  person  to  the  superintendent  in 
the  district  office  daily  and  at  other  times  by  telephone.  The  district 
canal  system  carries  from  300  to  350  cubic  feet  per  second  and  the  usual 
delivery  head  is  ten  cubic  feet  per  second,  each  user  being  allowed  to 
retain  the  water  as  long  as  desired.  Usually  irrigators  are  given  as 
much  water  as  their  ditches  can  carry.  As  a  result  of  the  lack  of 
restrictions  in  delivery  the  use  of  water  is  very  ununiform  and  gen- 
erally wasteful.  The  district  builds  and  maintains  all  gates  and  checks 
on  the  main  canal  and  on  all  distributing  laterals,  exclusive  of  those  on 
farms.  The  management  of  the  sj'-stem  is,  in  practice,  entirely  in  the 
hands  of  the  superintendent,  the  members  of  the  board  of  directors 
giving  very  little  attention  to  it,  and  knowing  little  of  its  physical 
condition.  It  is  said  that  there  are  never  any  contests  for  places  on 
the  directorate. 

In  connection  with  the  management  of  Tulare  irrigation  district  it 
should  be  noted  that,  because  all  maintenance  and  operation  expenses 
are  paid  from  water  tolls  collected  only  from  those  who  use  water  from 
the  canals,  the  landowTiers  in  the  district  who  do  not  irrigate  from  the 
district  system  pay  nothing  toward  its  maintenance  or  toward  the  main- 
tenance of  the  water  supply  in  which  all  have  a  share.  In  other  words, 
although  all  in  the  district  have  a  right  to  receive  water  from  the 
district,  they  pay  nothing  for  the  privilege  unless  they  use  water  from 
the  canals. 

ALPAUGH. 

This  district  was  organized  March  22,  1915,  after  consideration 
extending  over  several  years.  The  land  embraced  is  the  principal 
portion  of  Alpaugh  Colony  and  is  located  in  Tulare  County  on  a 
sli^rhtly  raised  portion  of  the  old  bed  of  Tulare  Lake.  Alpaugh  Colony 
was  established  in  1906  by  a  colonization  company  that  had  purchased 
about  9,000  acres  of  land  situated  seven  miles  southwest  of  Angiola. 
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The  land  in  this  colony  was  sold  to  the  settlers  at  $19.00  per  acre,  each 
acre  carrying  one  share  in  the  Second  Extension  Water  Company,  for 
which  $6.00  additional  was  charged.  The  agreement  under  which  the 
colony  was  established  pro^dded  that,  through  the  Second  Extension 
Water  Company,  water  should  be  furnished  the  settlers  at  the  rate  of 
200  inches  for  twelve  hours  once  every  thirty  days  for  each  share  of 
stock  held  in  the  water  company.  The  original  plan  is  said  to  have 
pro\ided  that  this  water  should  be  developed  within  the  colony.  That 
plan,  however,  was  changed,  and  instead  a  supply  was  developed  from 
a  number  of  flowing  wells  at  Smyrna,  in  Kern  County,  9.5  miles  south 
of  the  colony.  This  supply  is  still  used  and  is  reported  to  amount  to 
about  900  inches  in  the  winter  months  and  to  from  500  to  600  inches 
in  summer,  in  both  cases  measured  at  the  wells.  From  the  wells  it  is 
carried  to  within  one  mile  of  Alpaugh  through  a  12-mile  open  ditch  and 
at  that  point  is  pumped  a  total  height  of  about  seven  feet  for  distri- 
bution over  the  colony.  As  operated  by  the  Second  Extension  Water 
Company,  the  cost  of  maintenance  and  operation  is  met  by  frequent 
assessments  on  the  stock,  all  stock  being  liable  for  these  assessments 
regardless  of  whether  water  is  used.  The  usual  assessment  has  been 
60  cents  per  share  and  this  amount  was  levied  five  times  in  1913  and  in 
1914,  and  it  is  expected  that  it  will  be  levied  five  times  during  1915. 
While  about  9,000  shares  of  stock  in  the  water  company  were  sold,  only 
about  7,000  shares  are  still  in  good  standing,  some  of  the  nonresident 
owners  having  ceased  paying  assessments. 

Alpaugh  irrigation  district  was  organized  to  take  over  the  property 
of  the  Second  Extension  Water  Company,  the  election  on  organization 
having  been  carried  by  a  vote  of  71  to  14.  At  a  previous  election,  on 
August  26,  1914,  53  votes  were  cast  in  favor  of  the  district  and  22  votes 
against  it,  but  as  there  were  13  additional  votes  cast  for  oflScers  of  the 
district  which  were  not  marked  for  or  against  the  district  organization, 
it  was  held  that  the  53  votes  cast  in  favor  of  the  organization  did  not 
constitute  the  required  two-thirds  of  the  total  vote  and  the  election  was 
declared  lost. 

The  purpose  of  the  organization  of  Alpaugh  district  has  not  been 
merely  to  substitute  an  irrigation  district  for  a  mutual  water  company 
for  operating  purposes,  but  in  order  to  finance  improvements.  The 
supply  now  being  obtained  from  Smyrna  is  inadequate  for  the  needs  of 
the  colony,  largely  because  of  being  conveyed  in  an  open  canal  in  which 
seepage  losses  are  heavy  and  in  which  tule  growth  greatly  reduces  the 
flow.  This  canal  varies  in  width  from  25  to  45  feet  and  the  grade  is 
only  about  one  foot  per  mile.     Plans  for  improving  and  enlarging  the 
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water  system  have  not  yet  been  settled  upon  by  the  district.*  The 
petition  for  organization  specified  that  the  water  supply  was  to  be 
obtained  from  wells  already  sunk  or  to  be  sunk  in  sections  23,  26,  and 
27,  township  25  south,  range  23  east,  and  from  other  wells  in  that 
vicinity  and  in  the  district.  It  is  locally  hoped  that  a  supply  can  be 
obtained  within  or  near  the  district  in  order  to  avoid  the  long  carriage 
from  Smyrna.  If  the  Smyrna  supply  is  continued  it  is  proposed  to 
cement  the  canal.  The  district  has  already  spent  about  $1,000.00  in 
surveys  and  other  preliminary  expenses,  having  raised  the  necessary 
money  for  this  purpose  by  issuing  seven  per  cent  warrants,  which  were 
taken  over  by  a  Visalia  bank  and  discounted  to  bring  the  bank  eight 
per  cent.  When  the  engineering  plans  are  completed  they  will  be  sub- 
mitted to  the  State  Department  of  Engineering  and  if  approved  will 
be  the  basis  of  a  bond  issue.  As  the  district  proposes  to  build  a  first- 
class  distributing  system,  as  well  as  to  increase  the  water  supply,  it  is 
expected  that  the  cost  per  acre  will  approach  $30.00  to  $40.00. 

The  irrigated  area  in  Alpaugh  irrigation  district  is  now  something 
over  2,500  acres,  of  which  about  1,500  acres  are  in  alfalfa,  about  300 
acres  in  seeds,  and  the  rest  in  sugar  beets  and  grain.  The  assessed 
valuation  of  the  district  according  to  the  county  assessment  roll  of  1914 
was  $111,837.00.  The  petition  for  organizing  the  district  carried  182 
names  which,  it  is  said,  represented  about  two-thirds  of  the  property 
owners  and  about  two-thirds  of  the  total  value  of  the  land.  In  laying 
out  the  district  an  attempt  was  made  to  keep  the  land  within  the  district 
in  a  solid  block,  but  since  organization  several  holdings  have  been 
eliminated.     The  town  of  Alpaugh  is  not  included. 

Alpaugh  irrigation  district  was  not  formed  without  considerable 
opposition.  During  the  ('anipaign  for  the  district  a  number  of  printed 
pamphlets  were  issued  giving  arguments  for  and  against  it.  The  first 
petition  for  the  formation  of  irrigation  district  was  circulated  in  a 
portion  of  the  colony  in  1912  and  then  dropped  in  order  to  eliminate 
the  townsite  of  Alpaugh.  The  second  petition  met  further  opposition 
and  was  also  dropped.  A  third  petition  was  declared  inadequate  by  the 
board  of  supervisors  because  it  contained  the  signatures  of  those  who 
were  then  owners  of  lands  in  the  colony,  rather  than  of  those  whose 
names  appeared  on  the  previous  assessment  roll.  It  is  now  stated  by 
the  officers  of  the  district  that  in  the  main  those  who  most  actively 
opposed  the  formation  of  the  district  have  since  either  been  won  over 
or  moved  away.  The  exclusion  of  several  tracts  of  land  originally  in 
the  district  also  served  to  eliminate  some  of  the  opposition. 


'Plans  have  since  been  adopted  and  after  material  modification  by  the  State  Depart- 
ment of  EnijineerinK  have  been  approved  and  construction  has  been  largely  completed: 
payments  therefor  having  been  made  in  warrants  pending  validation  of  the  bonds  by 
the  state  irrigation  district  bond  commission. 


Fi|.  I. — Rccoa*nucted  Hain  Ditch,  Littis  Rock  Creek  IrrigatiDn  Dili 


Pit-    l.—Vniergiimnd  diitrlbuiing  (ysiem,  Lltll«  Bock  Creek  Irritation  Dietric 
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LITTLE  ROCK  CREEK. 

Since  the  financial  reorganization  of  this  district  during  the  past  four 
years,  physical  and  ajrrieultural  conditions  have  been  greatly  improved. 
The  principal  ditch  from  Little  Rock  Creek  has  been  lined  with  concrete 
for  the  first  three  miles,  and  a  concrete  pipe  from  16  to  20  inches  in 
diameter  substituted  for  the  remaining  distance.  Distribution  from  the 
main  ditch  is  effected  through  underground  concrete  pipes,  the  prin- 
cipal laterals  having  been  c(?n.strueted  by  the  district  and  the  farm 
laterals,  so  far  as  yet  built,  by  the  lando^Tiers.  Delivery  from  the  main 
laterals  to  the  farms  is  made  through  concrete  boxes  of  the  Azusa  type 
and  from  the  farm  laterals  through  concrete  standpipes.  These  improve- 
ments in  the  irrigation  system,  ex(  ept  the  farm  laterals  paid  for  by 
the  landowners,  have  been  made  with  the  $35,000.00  bond  issue  voted 
in  addition  to  the  $25,000.00  issue  used  for  refunding  the  old  bonds. 
The  saving  in  seepage  lasses  tliat  has  been  brought  about  by  the 
improvements  has  permitted  an  extension  of  the  irrigated  area,  there 
being  between  1,400  and  1,500  acre.s,  mostly  in  Bartlett  pears,  under 
cultivation  in  the  summer  of  1915.  Most  of  the  land  in  the  district, 
however,  is  still  owned  by  nonresidents,  and  there  are  several  sub- 
divisions, laid  out  some  years  ago,  which  have  not  been  largely  used  or 
occupied.  Some  of  the  latter  and  one  considerable  acreage  holding  have 
been  going  delinquent  in  the  matter  of  district  taxas  until  there  is  some 
discussion  of  having  the  areas  involved  eliminated  from  the  district,  if 
that  proves  feasible. 

On  the  basis  of  valuations  for  district  assessment  purposes  of  $30.00 
per  acre  in  the  upper  portion  of  the  district,  of  $20.00  per  acre  in  the 
lower  portion,  and  of  $10.00  each  for  lots,  the  1914  e(|ualized  district 
assessment  for  the  whole  district  totaled  $77,678.00.  With  the  dis- 
tributing system  now^  extended  to  the  lower  areas  they  will  henceforth 
be  assessed  at  the  same  figure  as  those  formerly  alone  within  reach  of 
the  water  system.  The  1914  rate  of  assessment  for  bond  interest  and 
maintenance  and  operation  was  ten  cents  on  the  dollar. 

A  single  ditchtender  attends  to  water  delivery  in  the  district,  working 
through  the  irrigation  season  only.  Water  is  not  measured.  The  cost 
of  delivery  has  thus  far  been  met  entirely  by  assessments  but  it  is  con- 
templated that  a  water  toll  will  be  added  for  water  pumped  after  the 
gravity  supply  in  Little  Rock  Creek  falls  off.  The  source  of  pumped 
water  is  a  cienega  owned  by  the  district  near  the  head  of  the  main  ditch. 
About  forty  voters  voted  at  the  district  election  in  1913. 
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BIG  ROCK  CREEK. 

This  was  one  of  the  early  Wright  districts  and  the  essential  features 
of  its  early  history  have  already  been  given.  In  May,  1914,  a  third 
movement  to  colonize  the  district  was  begun  by  a  group  of  Los  Angeles 
socialists  who  have  established  there  the  Llano  del  Rio  Cooperative 
Colony.  This  colony  and  the  Mescal  Water  and  Land  Company  together 
have  purchased  about  3,000  acres  of  land  in  the  district  and  additional 
purchases  up  to  about  20,000  acres  are  contemplated.  Nearly  all  of  the 
land  in  the  district  is  now  said  to  be  patented.  At  the  instance  of 
those  back  of  this  movement  a  new  board  of  directors  for  the  district 
was  appointed  by  the  supervisors  of  Los  Angeles  County  in  1914,  and 
in  February,  1915,  a  board  and  other  necessary  oflSeers  were  elected  by 
the  colonists.  Of  these  officers  the  president  and  secretary  are  the 
vice  president  and  assistant  secretary,  respectively',  of  the  colony  com- 
pany, all  of  the  other  oflRcers  also  being  members  of  the  colony.  Thus 
the  district  is  merely  an  adjunct  of  the  colony,  it  being  understood  that 
the  oflScers  of  the  district  will  conform  to  the  general  control  exercised 
by  the  oflScers  of  the  colony. 

On  reviving  Big  Rock  Creek  irrigation  district  the  Llano  del  Rio 
colony  proceeded  to  clean  out,  repair  and  extend  the  old  district  ditches. 
To  avoid  litigation  the  colony  also  purchased  certain  water  claims 
adverse  to  the  district  that  had  been  sold  to  the  district  at  the  time  of 
organization  in  1891.  Water  is  diverted  from  Big  Rock  Creek  in  two 
places,  each  heading  consisting  of  a  temporary  rock  dam  and  wooden 
headgate.  The  half-mile  tunnel  constructed  several  years  after  the  first 
failure  is  still  utilized,  but  does  not  yield  a  large  supply  of  water. 
None  of  the  ditches  are  yet  lined  and  it  is  locally  estimated  that  more 
than  one-half  of  the  water  diverted  is  lost  in  transit.  Ultimately,  how- 
ever, it  is  proposed  to  line  the  main  ditch  with  cobble  stones  and  to  use 
vitrified  clay  pipe,  to  be  made  by  the  colonists,  for  laterals.  It  is  also 
proposed  to  build  a  reservoir  directly  above  the  junction  of  Rock  and 
Pallett  creeks.  Run-off  data  for  Rock  Creek  are  meager,  so  that  the 
water  supply  available  is  uncertain.  Previous  failures  having  proven 
the  direct  flow  of  this  stream  to  be  altogether  undependable,  the  future 
of  this  later  development  will  depend  first  of  all  on  the  feasibility  and 
possibility  of  storage.  With  an  abnormal  flow  in  Big  Rock  Creek 
during  recent  wet  years  Llano  colony  has  been  enabled  to  accomplish  a 
considerable  agricultural  development.  In  July,  1915,  the  area  under 
cultivation  approximated  700  acres,  the  irrigated  crops  including  alfalfa, 
pears,  apples,  peaches,  apricots,  almonds,  grapes,  small  fruits,  corn, 
truck,  and  a  few  sugar  beets.  The  fruit  that  is  expected  to  receive  the 
principal  attention  of  the  colonists  is  the  Bartlett  pear.  Land  in  the 
colony  is  all  held  by  the  colony  corporation  rather  than  by  individual 
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colonists,  the  colonists  merely  holding  memberships  and  most  of  them 
living  in  the  town  of  Llano  rather  than  on  farms.  The  colony  now 
has  about  400  members  living  in  the  district. 

BLACK  ROCK. 

This  district  was  carried  January  27,  1915,  by  a  vote  of  eight  for 
and  none  against  organization.  The  total  area,  according  to  the  latest 
figures  furnished  by  the  secretary,  is  1,750  acres,  of  which  1,090  is  gov- 
ernment land  under  some  form  of  entry  and  660  acres  is  patented.  The 
land  included  is  in  29  separate  parcels  ranging  from  20  to  200  acres  in 
area  and  in  June,  1915,  was  held  by  27  owners.  According  to  informa- 
tion furnished  by  the  secretary  the  petition  for  organization  carried  the 
names  of  or  subsequently  received  the  approval  of  all  but  six  of  the 
landowners,  and  all  who  voted  at  the  organization  election  are  said  to 
belong  to  the  families  of  actual  residents  of  the  district.  Most  of  the 
land  that  is  still  unpatented  has  been  filed  on  within  the  past  two  years, 
several  entries  having  been  made  in  order  to  be  included  in  the  district. 

Black  Rock  irrigation  district  lies  in  township  11  south,  range  34  east, 
Mt.  Diablo  base  and  meridian,  on  the  west  side  of  Owens  River  Valley 
midway  between  Independence  and  Big  Pine,  Inyo  County.  The  lands 
of  the  district  are  generally  a  plain  sloping  from  the  base  of  the  moun- 
tains to  the  floor  of  the  valley,  this  plain  being  somewhat  broken  with 
ravines  and  intervening  low  ridges.  The  original  sources  of  water 
planned  on  were  Red  Mountain  Creek  and  wells.  It  was  proposed  to 
purchase  water  rights  in  Red  Mountain  Creek  from  a  local  mutual 
water  company,  which  is  in  turn  controlled  by  a  local  orchard  company. 
This  plan,  however,  has  been  abandoned,  and  the  directors  are  now  seek- 
ing satisfactory  underground  sources.  The  plans  for  a  distributing 
system  submitted  by  the  engineer  employed  by  the  district  call  for 
41,773  lineal  feet  of  cement-lined  ditches,  the  estimated  cost  of  which 
is  given  as  $14,173.00.  In  reporting  on  the  feasibility  of  this  district 
in  May,  1915,  the  State  Department  of  Engineering  assumes  a  net  duty 
of  water  of  1.8  acre-feet  per  acre  per  year  and  estimates  that  a  flow  of 
10  cubic  feet  per  second,  exclusive  of  transit  losses,  will  be  required 
in  order  to  supply  the  maximum  amount  required  in  any  one  month. 
Allowing  for  transit  and  application  losses  of  20  per  cent,  the  amount 
required  during  the  month  of  maximum  use,  when  it  is  assumed,  on  the 
basis  of  local  data,  that  23  per  cent  of  the  total  seasonal  quantity  used 
will  be  applied,  is  given  as  12.8  cubic  feet  per  second. 

WALNUT. 

There  has  been  little  if  any  change  in  the  status  of  this  district  from 
that  outlined  in  the  history  of  the  district  already  given.  A  substantial 
concrete  intake  box  has  been  built  at  the  lower  point  of  waste  from  the 
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Standifer  or  Ranchita  users,  with  a  30-inch  concrete  pipe  under  the 
Santa  Fe  track  connecting  the  intake  box  with  the  concrete-lined  ditch 
above.  Inside  of  the  district  line  4,600  feet  of  concrete  main  pipe  lines 
have  been  laid  ranging  in  size  from  36  inches  down  to  24  inches,  the 
remainder  of  the  main  distributing  system  being  open  concrete-lined 
ditches,  with  two  main  branches.  Water  is  still  charged  for  at  the  rate 
of  ten  cents  per  **head''  for  twenty-four  hours  and  most  of  the  time 
sufficient  water  is  available.  There  has  been  some  misunderstanding 
with  the  Standifer  or  Ranchita  users  as  to  the  right  of  the  district  to 
receive  any  day  water,  the  former  claiming  the  entire  day  supply  to  the 
exclusion  of  the  district.  A  readjiLstment  of  this  difficulty  seems  to  be 
pending. 

LA  MESA,  LEMON  GROVE,  AND  SPRING  VALLEY,  i 

The  question  of  bringing  water  to  the  '*back  country"  of  San  Diego 
County  has  occupied  a  large  share  of  the  attention  of  the  people  of 
that  county  for  nearly  two  generations.  With  agricultural  conditions 
admittedly  favorable  to  the  successful  growth  of  citrus  and  other  valu- 
able fruits,  with  climatic  and  other  physical  features  such  as  to  make 
the  section  exceedingly  attractive  for  residence  purposes,  but  with  only 
a  meager  normal  rainfall  and  a  water  supply  entirely  inadequate  for 
irrigating  all  of  the  tillable  lands  of  the  county,  the  need  for  conserving 
such  water  as  the  various  local  drainage  basins  afford  has  long  been 
obvious.  The  most  active  movement  in  that  direction  occurred  in  the 
late  eighties  and  early  nineties  with  the  formation  of  the  numerous 
Wright  irrigation  districts  that  were  scattered  from  Escondido  to  Otay, 
but  which,  for  reasons  already  cited,  and  after  being  rather  violent 
storm  centers  for  a  number  of  years,  finally  one  after  another  ceased 
activity.  After  the  old  irrigation  districts  came  private  water  develop- 
ment and  development  by  mutual  water  companies,  the  newer  enter- 
prises in  several  instances  taking  over  rights  and  works  acquired  by  the 
districts.  Recently  the  city  of  San  Diego  has  taken  over  the  properties 
of  one  of  the  larger  private  interests  and  still  more  recently,  on  October 
17,  1913,  La  Mesa,  Lemon  Grove,  and  Spring  Valley  irrigation  district, 
in  part  covering  territory  included  in  one  of  the  old  Wright  districts, 
has  been  organized  to  improve  the  water  situation  of  several  of  the 
communities  dependent  on  the  San  Diego  River  supply. 

La  ]\Iesa,  Lemon  Grove,  and  Spring  Valley  irrigation  district  embraces 
14,794  acres  around  tlie  rural  communities  from  which  it  takes  its 
name.  These  communities  have  been  supplied  by  the  Cuyamaca  Water 
Company,  which  is  the  successor  of  the  old  San  Diego  Flume  Company, 

'According  to  last  available  informatiou  activity  iu  this  district  has  been  postpone<i 
ponding  negotiations  to  include  it  in  a  municipal  water  district  along  with  the  city  of 
ISan  Diego,  to  which  it  is  adjacent. 


Fig.  1.— Hiin  Dilch  of  Walnut  Irrigltion 


Fie.  1-— Littial  Diuh  in  Wilnnt  trrigation  Ditulct. 
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local  distribution  having  been  attended  to  by  small  mutual  water 
companies.  Irrigation  water  rights  have  generally  called  for  a  con- 
tinuous flow  of  water  at  an  annual  cost  of  $70.00  per  miner's  inch, 
but  water  has  not  usually  been  needed  in  the  winter  months,  and  has 
frequently  not  been  available  when  most  wanted  in  the  summer.  The 
Cuyamaca  system  was  built  in  early  days  when  permanent  irrigation 
construction  was  not  common  and  it  has  not  kept  pace  with  the  needs  of 
the  communities  it  has  served,  which,  in  addition  to  La  ^lesa,  Lemon 
Grove,  and  Spring  Valley,  have  included  El  Cajon  Valley,  La  Mesa 
Heights,  and  part  of  East  San  Diego.  In  the  dry  fall  of  1911  the 
necessity  for  community  action  in  water  matters  became  very  evident, 
and  led  by  the  consumers  of  Spring  Valley,  an  agitation  began  which 
finally  resulted  in  the  formation  of  La  Mesa,  Lemon  Grove,  and  Spring 
Valley  irrigation  district,  The  first  steps  taken  were  for  the  formation 
of  a  municipal  water  district  under  the  municipal  water  district  act  of 
May  1,  1911,  and  such  a  district  was  formed  by  a  vote  of  429  to  one, 
September  23,  1912.  Some  difficulties  encountered  under  that  form  of 
organization  led  to  the  substitution  of  the  irrigation  district  and  this 
was  organized  by  a  vote  of  397  to  three*. 

The  area  embraced  within  La  Mesa,  Lemon  Grove,  and  Spring  Valley 
irrigation  district  is  practically  a  suburb  of  the  city  of  San  Diego. 
While  some  1,200  to  1,300  acres  are  already  in  groves,  mostly  lemon, 
and  some  7,500  acres  have  been  used  from  time  to  time  for  dry-farmed 
grain,  the  section  has  already  become  largely  used  for  residence  pur- 
poses. The  town  of  La  Mesa  embraces  approximately  2,000  acres  and 
while  there  are  a  few  holdings  of  several  hundred  acres  within  the  town 
limits  that  have  not  been  subdivided,  subdivision  plats  for  most  of  La 
Mesa  have  been  recorded  and  the  area  will  always  be  essentially  a  resi- 
dence one.  Outside  of  La  Mesa  some  28  recorded  subdivisions  embrace 
approximately  another  2,000  acres,  but  as  development  progresses  read- 
justments of  holdings  will  undoubtedly  reduce  the  numb(»r  of  resident 
lots.  In  the  lemon  section  around  Lemon  Grove  600  or  700  acres  are 
already  in  groves  of  mostly  five  and  ten  acres,  with  homes  of  their 
owners  already  established  on  them.  In  the  same  section  an  additional 
area  of  equal  extent  has  been  disposed  of  in  holdings  of  similar  sizes 
and  only  awaits  an  additional  water  supply  before  being  planted  and 
occupied.  Much  of  the  area  within  the  district  is  too  rough  for  cultiva- 
tion and  suitable  only  for  homesites.  The  entire  area  within  the  dis- 
trict that  is  not  susceptible  of  cultivation  has  been  estimated  at  about 
2,000  acres,  but  in  the  absence  of  a  careful  soil  classification  it  is  not 
possible  to  determine  how  much  can  be  profitably  cultivated.  To  any 
one  at  all  familiar  with  southern  California  communities,  however,  it  is 
evident  that  the  feasibility  of  an  irrigation  district  such  as  that  around 
La  Mesa,  Lemon  Grove,  and  Spring  Valley  can  not  wholly  be  determined 
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by  the  area  of  land  on  which  groves  will  be  commercially  profitable,  for 
when  a  dependable  water  supply  is  obtained  the  number  of  strictly  home 
holdings  is  sure  to  increase  greatly,  so  that  La  Mesa,  Lemon  Grove,  and 
Spring  Valley  irrigation  district  more  nearly  approaches  a  municipality 
than  is  usual  among  irrigation  districts  elsewhere. 

When  La  Mesa,  Lemon  Grove,  and  Spring  Valley  irrigation  district 
was  organized  San  Diego  River  was  given  as  the  source  of  the  proposed 
water  supply.  After  organization  an  engineer  was  employed  to  make  a 
careful  study  of  the  feasibility  of  that  source  and  to  outline  a  complete 
system  of  works.  The  report  of  the  engineer  filed  in  January,  1914, 
recommended  storage  on  San  Diego  River  just  above  Mission  Valley 
and  but  a  few  miles  from  the  district  line.  His  plan  called  for  an  arch 
dam  103.5  feet  high  about  three-fourths  of  a  mile  below  the  old  ^lission 
dam,  the  water  to  be  impounded  amounting  to  34,000  acre-feet.  Hydro- 
graphic  data  considered  in  the  study  of  the  engineer  indicated  that 
during  18  out  of  26  years  embraced  in  the  available  record,  water  could 
be  taken  from  the  main  reservoir  at  an  elevation  of  245  feet  and 
delivered  through  a  24-inch  pipe  line  to  the  main  pump,  4,200  feet  down 
the  canyon,  at  an  elevation  of  240  feet.  From  this  pumping  plant  it 
would  be  lifted  against  a  total  head  of  362  feet  to  the  main  distributing 
reservoir,  but  as  about  3,000  acres  of  the  district  lie  above  the  main  dis- 
tributing reservoir,  a  high  level  service  was  proposed  that  should  start 
at  an  elevation  of  700  feet  from  a  high-level  reservoir  of  2,000,000 
gallons  capacity.  The  distributing  system  leading  from  the  reservoire 
as  outlined  in  the  plan  was  to  be  entirely  of  riveted-steel  pipe,  a  12-inch 
diameter  being  used  on  the  high-pressure  line  and  from  a  36-ineh 
diameter  down  on  the  remainder.  The  plan  further  provided  that 
when  the  surface  reservoir  on  San  Diego  River  should  become  exhausted 
pumping  from  wells  in  the  upper  portion  of  the  reservoir  site  should  be 
resorted  to.  The  ultimate  supply  of  water  estimated  in  the  report  to 
be  furnished  was  1,000  inches,  but  the  distributing  system  planned 
provided  for  the  handling  of  only  500  inches  for  the  present.  The 
costs  estimated  by  the  engineer  were  as  follows:  Dam  and  reservoir, 
$733,958.00;  wells  and  pumping  plants  in  upper  portion  of  reservoir 
site,  $133,002.00 ;  main  pumping  plant,  force  mains,  and  summit  tiinuel, 
$173,950.00;  distributing  system,  including  reservoirs,  $246,760.00; 
total,  $1,287,580.00,  or  at  the  rate  of  $87.03  per  acre,  counting  entire 
area  in  the  district.  In  estimating  the  amount  of  water  necessary  the 
engineer  counted  on  one  acre-foot  per  acre  per  year  over  12,000  acres 
The  report  stated  that  while  it  was  realized  that  a  more  abundant  supply 
of  water  would  be  desirable  if  available,  the  situation  in  San  Diego 
County  is  governed  by  the  amount  wliich  may  be  depended  on  rather 
than  the  amount  which  may  be  an  ideal  quantity. 
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On  the  basis  of  the  engineer's  report  above  outlined  an  election  was 
held  on  May  4,  1914,  on  a  proposition  to  issue  the  bonds  called  for  in 
the  report.  The  petition  for  this  election  was  signed  by  799  property 
owners  of  the  district  and  the  election  was  carried  by  a  vote  of  541 
to  10,  showing  practical  unanimity  as  to  the  desirability  of  going  ahead. 
Since  that  election  the  district  officers  have  been  endeavoring  to  adjust 
possible  differences  over  the  rights  to  San  Diego  River,  particularly 
with  the  city  of  San  Diego.  They  have  further  entered  into  an  agree- 
ment with  the  owners  of  the  Cuyamaca  water  system  to  purchase  that 
system  in  district  bonds  at  par  and  at  a  price  to  be  set  by  the  State 
Railroad  Commission,  whose  decision  is  expected  at  any  time.^  The 
purchase  of  the  Cuyamaca  system,  if  carried  through,  will  necessarily 
to  some  extent  alter  the  engineer's  plan  for  storage  in  and  pumping 
from  El  Cajon  reservoir.  The  district  has  been  negotiating  with  the 
city  of  San  Diego  for  the  joint  ownership  of  the  Cuyamaca  system,  but 
in  the  event  that  such  joint  ownership  is  not  entered  into  and  the  dis- 
trict itself  purchases  that  system  according  to  the  agreement  with  its 
owners  it  is  expected  that  the  system  will  be  improved  and  extended  as 
needed  to  meet  immediate  demands,  the  first  work  probably  being  the 
enlargement  of  the  distributing  system,  the  raising  of  the  La  Mesa  dam, 
and  the  construction  of  an  additional  reservoir  in  the  mountains. 

After  La  Mesa,  Lemon  Grove,  and  Spring  Valley  irrigation  district 
was  organized  a  valuation  of  the  property  by  the  district  officers  totaled 
$4,254,500.00.  The  values  used  were  taken  to  be  those  at  which  prop- 
erty had  changed  hands.  The  valuation  assessed  for  district  purposes 
in  1914  approximated  $2,000,000.00,  of  which  $709,000.00  was  for  city 
and  town  lots,  the  assessors  having  endeavored  to  enter  the  lots  at  about 
40  per  cent  of  their  sale  value  and  acreage  property  at  about  50  per  cent 
of  its  sale  value.  The  maximum  acreage  valuation  outside  of  the  town 
of  La  Mesa  was  $250.00.  In  La  I\Iesa  the  base  for  acreage  assessments 
was  $350.00  per  acre  and  the  property  within  the  town  limits  not  yet 
subdivided  but  subject  to  subdivision  was  entered  at  $400.00  per  acre. 
Outside  of  La  Mesa  assessments  ranged  from  $75.00  to  $250.00  per  acre 
and  lots  from  $20.00  to  $150.00,  the  latter  being  for  lots  50  feet  by  140 
feet  in  the  main  business  section  of  Lemon  Grove.  In  the  city  of  La 
Mesa  the  average  assessment  for  lots  was  about  $250.00  outside  of  the 
main  business  section.  In  1914  the  assessor  found  approximately  9,000 
separate  parcels  of  land  within  the  district,  of  which  not  over  25  were 
in  holdings  exceeding  70  acres,  these  25  larger  holdings  embracing  a 
total  of  approximately  6,500  acres. 

Financial  operations  of  La  Mesa,  Lemon  Grove,  and  Spring  Valley 
district  to  date  have  included  an  assessment  of  seven  mills  on  a  valuation 


^This  decision  has  since  boon  renderod  and  a  valuation  of  $745.0(K).()0  placed  on  tlif 
Cnyamaca  system.     Some  difficulty,  however,  has  arisen  in  connection  with  the  pro- 
posed transfer. 
7— 2  89  83 
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of  $2,709,000.00  in  1914,  yielding  a  total  of  $18,963.00,  without  the 

allowance  for  delinquencies,  and  also  a  sale  of  $55,550.00  of  the  bonds 

voted  in  May,  1914,  at  prices  ranging  from  85  to  par.     Of  the  bonds 

sold  $45,000.00  were  paid  for  land  in  the  El  Cajon  reservoir  site,  other 

bond  and  assessment  expenditures  having  gone  for  engineering  and 

general  expenses. 

SAN  YSIDRO.' 

This  is  the  smallest  irrigation  district  in  California,  probably  the 
smallest  in  any  of  the  states,  containing  only  485  acres.  It  was  formed 
in  1911  in  order  to  effect  a  financial  reorganization  of  the  water  situa- 
tion in  the  Little  Landers  Colony  established  in  Tia  Juana  Valley,  San 
Diego  County,  in  1909.  The  district  lies  wholly  within  the  old  Otay 
district  formed  under  the  organized  Wright  act  and  as  Otay  district 
has  never  been  dissolved,  it  was  necessary  before  San  Ysidro  district 
could  be  formed  to  revive  Otay  district  sufficiently  to  enable  the  San 
Ysidro  lands  to  be  excluded.  The  election  on  organization  of  San 
Ysidro  district  was  held  March  11,  1911,  and  was  carried  unanimously. 
After  approval  by  the  state  irrigation  district  bond  commission,  a 
$25,000.00  five  per  cent  bond  issue  for  reconstructing  the  irrigation 
system  of  the  colony  was  voted  December  12,  1912,  the  entire  issue 
being  subsequently  sold  for  cash  to  a  San  Diego  bank  for  $25,010.00. 
The  new  works  built  by  the  district  included  pipe  lines,  costing 
$17,360.17;  wells,  costing  $1,014.37;  pump,  motor,  and  pump  house, 
costing  $4,915.49 ;  reservoir  No.  1,  costing  $1,319.49,  and  reservoir  No.  2, 
costing  $918.62.  Adding  $1,480.60  for  engineering  and  superintend- 
ence, the  total  original  cost  was  approximately  $27,000.00.  Since  these 
works  were  finished  additions  have  brought  the  total  cost  to  about 
$28,000.00. 

San  Ysidro  irrigation  district  is  operated  on  a  combined  toll  and 
assessment  basis.  At  first  assessments  were  levied  for  bond  interest 
only,  other  expenses  being  met  by  monthly  water  tolls  of  $1.25  per  acre 
for  acreao:e  property  and  of  $1.50  for  each  50-foot  by  100-foot  lot  and 
domestic  use  thereon.  Beginning  in  1916,  it  is  planned  to  collect  a 
greater  portion  by  assessments  and  to  reduce  monthly  water  tolls  to 
about  50  cents  per  acre  for  acreage  property,  30  cents  for  each  lot,  and 
60  cents  for  domestic  use  in  each  house.  Under  this  plan  more  of  the 
financial  burden  will  be  borne  by  nonresident  owners  than  at  present. 
A  slight  readjustment  of  the  valuations  for  assessment  purposes,  by 
which  there  will  be  a  more  careful  differentiation  as  to  character  and 
location  of  the  holdings,  is  also  planned.    Up  to  1915  all  farming  lands 


*In  the  flcKMls  in  Tia  Junna  River  in  January.  1J)1(),  the  main  pumping  plant  of  San 
Ysidro  irrigation  district  was  washed  away  and  all  of  the  bottom  lands  partially  or 
wholly  destroyed.  The  district  is  now  obtaining  water  from  a  temporary  pumping 
plant. 
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cn  both  mesa  and  bottoms  have  been  assessed  at  $100.00  per  acre  and 
nearly  all  lots,  whether  business  or  residence,  at  $75.00  each.  The  total 
assessed  valuation  according  to  this  rating  was  $69,778.00  in  1914, 
improvements  not  being  counted.  The  ruling  sale  price  of  the  mesa 
and  bottom  lands,  respectively,  is  now  $750.00  to  $800.00  and  $500.00, 
and  mesa  lands  being  preferable  for  residence  and  the  bottom  lands  for 
farming. 

Little  Landers  Colony,  for  which  San  Ysidro  irrigation  district 
furnishes  the  water  supply,  was  originally  laid  out  in  one-acre  farms 
and  the  occupied  holdings  are  mostly  of  that  area  or  only  a  little  larger. 
As  an  irrigation  district  San  Ysidro  district  is  therefore  unique.  In  its 
close  settlement  it  has,  along  with  La  Mesa,  Lemon  Grove,  and  Spring 
Valley  irrigation  district,  a  distinctly  municipal  character.  Water  dis- 
tribution, however,  is  mainly  on  an  irrigation  basis.  On  the  bottom 
lands  8-inch  to  15-inch  concrete  pipe  is  used  while  on  the  mesa  the  dis- 
tributaries are  of  riveted  steel  and  three  inches  to  twelve  inches  in 
diameter.  The  district  builds  and  maintains  a  pipe  line  to  each  hold- 
ing. While  two  distributing  reservoirs  have  been  built  only  the  lower 
cne  is  now  needed.  Small  weirs  have  been  installed  on  the  bottom 
lands  for  measuring  deliveries  to  users.  Water  delivery  is  in  charge  of 
a  zanjero  and,  including  his  salary  and  the  salary  of  a  powerhouse 
attendant,  and  also  the  monthly  power  bill,  the  total  monthly  cost  of 
managing  and  operating  the  district  is  only  a  little  over  $200.00.  The 
district  has  never  defaulted  in  any  payments  and  has  a  balance  in  the 
bank  to  care   for   emergencies.    There   are   now   about   140   families 

resident  in  the  colony. 

IMPERIAL. 

Imperial  district,  organized  July  14,  1911,  by  a  vote  of  1,804  to  360 
and  containing  523,600  acres,  the  largest  district  in  the  state,  is  not  yet 
suflSciently  advanced  in  the  carrying  out  of  its  plans  to  justify  more 
than  a  brief  comment  in  this  report.  The  purpose  of  organizing  was  to 
acquire  the  physical  properties  of  the  California  Development  Com- 
pany, which  now  delivers  water  to  Imperial  Valley  from  Colorado  River. 
The  character  of  the  present  organization  of  the  irrigati(m  system  of 
Imperial  Valley  is  so  well  understood  that  it  is  not  necessary  to  state 
here  more  than  that  the  water  delivered  by  the  California  Development 
Company  is  now  sold  to  a  number  of  mutual  water  companies — seven 
thug  far  organized — ^which  in  turn  deliver  it  to  the  irrigators.^  Under 
this  plan  of  organization,  which  was  that  put  into  effect  by  the  Cali- 
fornia Development  Company  as  a  part  of  its  general  plan  for  the 


probably  be  consulted  in  libraries. 
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reelauiation  of  Imperial  Valley,  there  has  occurred,  as  is  very  well 
known,  a  very  remarkable  change  within  the  period  of  fifteen  years — a 
change  from  an  absolutely  arid  waste  to  an  irrigated  empire  approach- 
ing 400,000  acres  in  area,  containing  a  large  number  of  thriving  towns 
and  cities,  a  population  estimated  at  in  excess  of  30,000,  and  an 
equalized  assessment  of  real  property,  less  improvements,  as  levied  for 
irrigation  district  purposes,  of  over  $25,000,000.00.  The  principal  con- 
dition immediately  leading  up  to  the  formation  of  the  district  was  the 
bankruptcy  of  the  parent  California  Development  Company  and  the 
consequent  inability  of  that  company  to  fulfill  its  obligations  to  the 
various  mutual  water  companies  and  to  the  settlers.  For  a  number  of 
years  it  was  evident  that  the  irrigation  system  of  the  valley  must  be 
tuUy  reorganized  and  its  control  in  some  manner  passed  to  the  people 
of  the  valley.  Many  of  those  holding  land  for  which  stock  in  some  one 
of  the  mutual  water  companies  had  not  been  purchased,  and  who  were 
anxious  to  obtain  water  for  that  land,  and  especially  the  people  center- 
ing around  the  county  seat  of  El  Centre,  were  strongly  in  favor  of  the 
district  plan.  On  the  other  hand,  many  of  the  earlier  settlers  who  paid 
a  substantial  amount  for  mutual  water  company  stock,  and  more  par- 
ticularly those  who  have  been  most  closely  associated  with  and  the  prin- 
cipal beneficiaries  of  the  parent  company,  believed  that  reorganization 
on  the  mutual  plan,  possibly  involving  the  organization  by  the  various 
stockholders  of  the  mutual  water  companies  of  a  holding  company  to 
take  over  the  property  of  the  California  Development  Company,  would 
be  preferable.  For  some  time  the  controversy  between  the  various 
factions  was  earnest  and  bitter,  but  as  indicated  by  the  vote  on  organi- 
zatiou  given  above,  the  proponents  of  the  irrigation  district  plan  greatly 
outnumbered  those  who  preferred  a  holding  company.  Even  after  the 
organization  of  the  district  tlie  opposition  sought  to  contest  the  con- 
firmation of  its  organization  in  court,  but  later  yielded  in  the  face  of  a 
preponderance  of  opinion  against  them,  so  that  confirmation  by  the 
lower  court  was  ac('omi)lishcd  and  affirmed  by  the  supreme  court.  Sub- 
secpiently  the  levying  of  tlie  first  assessment  was  contested  in  the  case  of 
Imptrial  Land  CornprDuj  vs.  Im pi  rial  Irrigation  Disti^ict,  but  the  assess- 
ment vva.s  sustained  by  tlu^  lower  court,  from  which  appeal  was  taken 
and  is  still  pending.^  When,  after  over  three  years  of  study  and  con- 
sideration, the  directors  of  th(»  district,  after  being  petitioned  by  several 
hundred  more  landowiK^rs  than  legally  required,  representing  nearly 
$4,000,000.00  in  valuation  in  excess  of  the  majority  stipulated  by  the 
law,  submitted  to  the  electors  of  the  district  for  decision  on  October  29, 
1914,  a  proposition  to  issut*  bonds  in  the  sum  of  $3,500,000.00  for  the 
purpose  of  accjuiring  the  works  of  the  California  Development  Com- 


'This  decision  has  since  been  rendered  in  favor  of  the  district 


Fig.    1.— Typical  Parm  Scene  in  Imperiil  Irrigation  Diit 


Fig.  I.— Young  Cotton  Furrowed  for  Irri 
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pany,  a  still  further  effort  was  made  to  organize  the  opposing  forces. 
Even  in  the  town  of  Imperial,  however,  which  had  been  the  stronghold 
of  the  opposition,  the  majority  in  favor  of  the  bonds  was  132  out  of  a 
total  vote  of  446,  while  the  vote  in  El  Centro  precinct  was  1,013  in 
favor  of  the  bonds  to  16  against,  and  in  the  entire  district  3,278  for  to 
330  against  them — a  majority  of  practically  ten  to  one.  While  many  of 
those  who  originally  opposed  the  formation  of  the  irrigation  district  are 
still  of  the  belief  that  some  other  form  of  organization  would  have  been 
preferable,  further  opposition  of  a  substantial  character  does  not  now 
seem  likely. 

The  legal  conditions  surrounding  the  acquirement  of  the  works  of  the 
California  Development  Company  have  thus  far  prevented  the  final  con- 
summation of  the  plans  of  the  district  to  take  over  those  works.  The 
largest  interest  involved  is  that  of  the  Southern  Pacific  Company,  which 
is  under  agreement  with  the  district  to  relinquish  its  claim  for  the  sum 
of  $2,152,500.00  in  money  or  5  per  cent  bonds  of  the  district  at  par. 
There  are,  however,  other  judgment  creditors  of  the  California  Develop- 
ment Company,  notably  the  New  Liverpool  Salt  Company,  which  holds 
a  judgment  dated  January  10,  1908,  in  the  sum  of  $458,246.23,  with 
interest  from  that  date.  According  to  a  report  by  the  chief  engineer 
and  general  manager  of  the  district  made  public  by  the  directors  in 
June,  1915,  the  sum  of  $5,049,554.78  would  have  been  necessary,  on 
July  1,  1915,  to  pay  out  of  court  all  outstanding  judgments  and  interest 
in  full,  of  which  $3,772,128.52  represented  the  interest  of  the  Southern 
Pacific  Company,  including  their  Mexican  holdings.  Offsetting  against 
this  latter  amount  the  price  aurreed  upon  between  the  district  and  the 
Southern  Pacific  Company,  $1,277,426.26  remained  as  the  full  amount 
of  the  claims  on  July  1  of  all  other  creditors,  making  $3,429,926.26  tlie 
sum  to  be  paid  in  out  of  court  settlement,  if  no  reduction  were  to  Ix^ 
made  in  the  claim  of  the  judgment  creditors  other  than  the  Southern 
Pacific  Company.  Final  adjustment  of  the  matter  is,  in  Se[)tember, 
1915,  still  awaiting  the  outcome  of  an  appeal  to  the  supreme  court  in 
the  case  of  Title  Insurance  and  Trust  Company  vs.  California  Develop- 
ment Company,  Southern  Pacific  Company y  New  Liverpool  Salt  Cmn- 
pany  et  al.,  directing  the  sale  as  a  whole  of  the  properties  of  the  Cali- 
fornia Development  Company,  in  order  to  satisfy  the  various  judgments 
entered.  During  the  continuance  of  this  and  other  material  litip:ation 
there  has  been  much  difference  of  opinion  among  the  people  of  the  dis- 
trict as  to  the  best  policy  to  pursue,  some  holding?  out  strongly  for 
delaying  any  settlement  until  the  liti^ration  i.s  finally  settled,  and  others 
maintaining  that,  even  if  waiting?  will  result  in  the  district  acMjuirinj^ 
the  properties  of  the  California  Development  Company  at  less  than 
their  face  or  the  agreed  values,  the  loss  due  to  existing  complications  in 
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control  warrants  an  immediate  settlement  on  the  best  terms  that  can  be 
obtained.^ 

In  accordance  with  its  agreement  with  the  Southern  Pacific  Company 
looking  to  the  purchase  of  the  works  of  the  California  Development 
Company,  Imperial  irrigation  district  sought,  and  obtained,  from  the 
California  legislature  of  1915  validation  of  the  $3,500,000.00  bond  issue 
authorized  October  29,  1914."  The  legislature  also  authorized  the  dis- 
trict to  acquire  works  of  the  California  Development  Company  and  its 
subsidiary  companies  and  successors  in  California  and  Mexico  by  con- 
demnation or  purchase,  and  in  case  of  purchase,  to  exchange  bonds  of 
the  district  for  all  or  part  of  the  system,  provided  that  the  whole  bond 
exchange  should  not  exceed  $3,000,000.00.*  It  might  be  noted  here  that 
a  constitutional  amendment  approved  by  the  people  November  3,  1914, 
permits  the  purchase  by  irrigation  districts,  in  certain  cases,  of  the  stock 
of  any  foreign  corporation  owning  the  part  of  any  international  water 
system  situated  in  a  foreign  country — in  this  case  the  stock  of  the 
Mexican  company  controlling  the  portion  of  the  property  of  the  Cali- 
fornia Development  Company  lying  in  Mexico.  Prior  to  voting  on  the 
bond  issue  referred  to,  the  proposed  works  and  the  proposed  purchase 
of  the  system  of  the  California  Development  ( 'ompany,  and  the  issuance 
of  the  bonds,  were  approved  according  to  law  by  the  State  Engineer. 
When  this  bond  issue  was  proposed  it  was  expected,  as  it  still  is,  that 
the  system  of  the  California  Development  Company,  including  all  out- 
standing judgments,  could  be  purchased  for  something  less  than 
$3,000,000.00,  but  $500,000.00  was  included  in  the  issue  as  an  emergency 
fund  to  take  care  of  possible  needed  flood  protection  along  Colorado 
River. 

Assessments  have  been  levied  in  Imperial  district  from  year  to  year 
to  cover  general  expenses,  the  rate  having  been  two  mills  on  the  dollar 
in  1913  and  1914  and  seven  mills  on  the  dollar  in  1915,  the  latter  being 
intended  to  yield  $153,324.00.  The  total  equalized  district  assessment 
for  1915  is  $25,768,837.00.  It  is  interesting  to  note  that  although  a 
large  part  of  the  land  in  Imperial  district  is  still  unpatented,  owners  of 
unpatented  lands,  in  spite  of  the  fact  that  no  lien  can  be  attached  to 
such  lands  through  an  irrigation  district  assessment,  pay  their  assess- 
ments as  readily  as  those  who  have  patented  land.  It  is  fully  recog- 
nized that  land  in  Imperial  Valley  is  worthless  without  water,  and  as 
the  supply  when  properly  distributed  is  admitted  to  be  ample,  there  is 


'Tho  Imporinl  system  was  finally  taken  over  by  Imperial  irrigation  district  in  the 
summer  of  11)10. 

^Statutes  linr».  chapter  17. 

■"Statutes  lJHr>,  chapter  172.  A  jjeneral  statute  was  also  passed  (Statutes  101."i, 
chapter  r>07)  providiuff  that  bonds  of  irrigation  districts  authorized  by  a  vote  of  four* 

..-..  ^.1  •.  •        *«i  1       11  ■■•1  1  ji  ■ifeis^'i  L/"w  j\j  vrv  j\i  \.   \ ^^jf. *«■  —•—I 
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no  hesitancy  in  the  payment  of  assessments  on  account  of  the  lack  of 
patent.  In  making  up  the  district  assessment  roll  the  assessor  of  the 
district  appraises  all  good  farm  lands  in  the  district  at  the  rate  of 
$50.00  per  acre.  Land  which  it  is  impracticable  to  irrigate,  or  which  is 
too  heavily  impregnated  with  alkali  to  be  valuable,  is  assessed  at  from 
$5.00. to  $25.00  per  acre,  and  river  bottom  lands  at  about  $5.00  per  acre. 
Town  lots  are  assessed  at  county  valuations,  acreage  within  the  incor- 
porated town  limits  at  $100.00  per  acre,  and  land  in  unincorporated 
areas,  but  in  tracts  and  subdivisions  and  having  maps  recorded,  at 
$75.00  per  acre. 

Lying  in  Imperial  Valley  but  outside  of  Imperial  irris:ation  district 
are  large  areas  of  land  which  would  be  productive  if  waters  could  be 
supplied.  There  is  some  diiference  of  opinion  as  to  the  total  area  in  the 
valley  that  can  ultimately  be  watered,  but  there  is  a  general  agreement 
that  a  considerably  larger  area  than  that  included  in  the  district  will 
ultimately  be  brought  under  irrigation.  A  petition  which,  it  is  said,  is 
likely  to  receive  favorable  consideration  by  the  directors,  and  which 
requests  the  inclusion  in  the  district  of  about  100,000  acres  embraced  in 
a  narrow  strip  east  and  north  cf  the  district  extending  from  the  Mexican 
boundary  to  the  shoreline  of  Salton  Sea,  has  already  been  presented  to 
the  directors.  Part  of  the  land  included  is  now  submerged  by  Salton 
Sea,  but  with  the  recession  of  its  waters  this  land  will  become  agricul- 
tural and  the  owners  of  it  have  signified  their  willingness  to  pay  a 
nominal  district  assessment  on  it  while  still  under  w^ater.^ 

When  the  plans  of  Imperial  irrigation  district  to  take  over  the  system 
of  the  California  Development  Company  are  finally  consummated,  as 
they  undoubtedly  must  and  will  be,  an  interesting  question  will  arise  as 
to  the  continuance  of  the  present  mutual  water  companies  which  are 
distributing  the  water  supplied  by  the  California  Development  Com- 
pany. The  shareholders  of  the  mutual  water  companies  have  in  general 
seemed  to  hold  out  for  a  continuance  of  distribution  through  the 
medium  of  these  companies,  which  are  admittedly  very  efficiently 
managed.  Water  is  paid  for  by  the  irrigators  at  fifty  cents  per  acre- 
foot,  which  is  'the  price  paid  by  the  mutual  companies  to  the  California 
Development  Company,  the  stockholders  of  the  mutual  companies, 
however,  paying  annual  assessments  for  maintenance  and  operation  in 
addition  to  the  water  charge.  A  general  basis  for  the  settlement  of  this 
question  has  not  yet  been  reached. 

Imperial  district  has  gone  on  record  as  approving  the  idea  that  the 
aflFairs  of  large  irrigation  districts  should  be  mainly  in  the  hands  of  a 
general  manager,  and  they  called  to  that  position  the  man  who  originally 
worked  out  and  later  carried  into  effect  the  organization  of  the  par(»nt 


'Since  the  above  was  printed  tlie  area  of  Imi)erial  difltrict  has  been  increased  from 
523,(500  acres  to  576,600  acres. 
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promoting  company.  "When  originally  appointed  his  salary  was  fixed 
at  $750.00  per  month — the  largest  salary  paid  by  any  irrigation  dis- 
trict— ^but  pending  the  final  purchase  of  the  water  system  by  the  district 
the  salary  of  the  manager,  as  well  as  the  salaries  of  other  oflScers,  includ- 
ing the  board  of  directors,  have  been  reduced  to  a  minimum. 


OOUBT    DECISIONS    AFFECTING    CALIFORNIA    IRRIGATION 

DISTRICTS. 

The  extent  of  litigation  involving  California  irrigation  districts  was 
brought  out  in  the  history  of  activities  under  the  original  Wright  act. 
A  study  of  the  reported  cases  in  the  California  supreme  and  federal 
courts  discloses  ninety-one  decisions  that  have  construed  the  original 
act  or  the  act  of  1897  and  amendments  and  supplementary  statutes.' 
Many  points  have  been  taken  up  in  the  decisions.  For  the  first  few 
years  attacks  on  the  law  were  mainly  directed  against  its  constitution- 
ality, although  in  mast  of  the  early  litigation  involving  constitutionality 
many  other  points  were  considered.  Ako,  many  of  the  cases  hinged 
on  the  validity  of  assessments  and  on  tax  sales.  The  more  recent  cases 
have  largely  involved  the  collection  of  interest  and  principal  of  bonds 
of  the  old  districts  that  were  abandoned.  The  various  decisions  that 
have  been  rendered  and  the  resulting  clarification  of  the  district  law 
are  quite  fully  discussed  by  the  standard  law  w^riters  on  irrigation  and 
water  rights,^  but  for  the  benefit  of  those  to  whom  the  standard  law 
books  are  not  available,  and  in  order  to  present  some  of  the  facts  of  the 
decisions  in  brief  form,  the  decisions  on  a  few  of  the  main  principles 
involved,  particularly  those  of  especial  interest  to  those  contemplating 
the  organization  of  irrigation  districts,  are  briefly  epitomized  below. 

CONSTITUTIONALITY. 

A  total  of  20  cases  have  been  found  involving  the  constitutionality  of 
the  California  irrigation  district  law,  of  which  at  least  four  in  the 
California  supreme  court  and  two  in  the  federal  courts  considered  the 
broad  principles  of  the  law.  It  will  be  remembered  that  the  Wright 
act  was  passed  in  1887  and  it  might  be  recalled  that  30  districts  were 
formed  up  to  and  including  1891  and  19  more  up  to  and  including  1895. 
Almost  as  soon  as  the  early  districts  were  organized  opposing  owners 
of  large  ranches  and  of  town  lots  within  the  towns  included  in  the  dis- 
tricts sought  to  defeat  the  districts  by  attacking  the  constitutionality  of 


'A  complpto  list  of  irrigation  district  casos  in  the  California  supreme  court  and  in 
the  federal  courts  with  subjects  dealt  with  is  pivcn  in  the  addenda. 

=For  a  general  review  of  decisions  reference  is  made  to  Wiel.  Samuel  C,  Water 
Rights  in  the  Western  States,  3d  ed.,  1911.  and  Kinnej%  Clesson  S.,  A  Treatise  on 
the  Law  of  Irrigation  and  Water  Rights,  2d  ed.,  1912. 
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the  law,  but  by  December,  1891,  four  leading  decisions  had  been  handed 
down  by  the  California  supreme  court  upholding  it.  In  Turlock  Irri- 
gation District  vs.  Williams,^  decided  May  31,  1888,  the  act  was  held 
constitutional  on  the  ground  that  a  district  organized  under  it  was  at 
least  a  quasi  public  corporation  and  as  such  was  entitled  to  levy  assess- 
ments and  condemn  property  in  the  manner  and  for  the  uses  described 
in  the  statute.  The  same  view  as  to  the  quasi  public  nature  of  irriga- 
tion districts  was  taken  in  Central  Irrigation  District  vs.  De  Lappe,^  in 
which  it  was  also  held  that  the  proceedings  for  organization  should  be 
liberally  construed.  In  Crall  vs.  Poso  Irrigation  District^  it  was  fur- 
ther stated  that  the  legislature  had  power  to  pass  such  an  act  and  this 
same  ground  was  taken  in  In  re  Madera  Irrigation  District*  decided 
December  14,  1891,  which  also  held  among  other  things  that  all  lands 
within  a  district  need  not  be  directly  benefited  by  irrigation  to  constitute 
a  public  use.  In  these  decisions  the  question  of  the  taking  of  private 
property  for  private  use  and  without  due  process  of  law  were  quite 
conclusively  settled,  so  far  as  the  state  courts  were  concerned,  in  favor 
of  the  law.  In  the  first  federal  case  involving  constitutionality,  how- 
ever, that  of  Bradley  vs.  Fallbrook  Irrigation  District,'^  it  was  held  that 
the  taking  of  private  property  to  furnish  water  to  land  owners  alone  is 
not  sufficiently  a  ptiblic  use,  and  that  the  Wright  act  was  invalid  as 
authorizing  the  taking  of  private  property  without  due  process  of  law. 
This  adverse  decision  practically  halted  for  a  time  all  activity  under  the 
law,  but  in  the  quite  celebrated  case  of  Fallbrook  Irrigation  District  vs. 
Bradley,^  decided  November  16,  1896,  the  adverse  decision  of  the  lower 
federal  court  was  reversed  and  it  was  held  that  the  provision  of  the 
Wright  act  for  confirming  or  contesting  an  irrigation  district  tax  brings 
the  proceeding  within  ''due  process  of  law";  that  the  irrigation  of  arid 
lands  is  a  public  purpose;  and  that  the  irrigation  district  legislation 
furnishes  ample  due  process  of  law  and  is  constitutional.  The  consti- 
tutionality of  the  Wright  act  in  so  far  as  its  general  principles  are 
involved  has  not  been  questioned  since  this  decision,  but  both  before  and 
after  it  the  constitutionality  of  certain  features  of  the  district  law  has 
been  questioned  and  carried  to  the  state  and  federal  courts.^     So  far  as 


'76  Cal.  300. 
'  *70  Cal,  351. 

'87  (^al.  140. 

■    *92  CrL  2m. 

f  -eS  Fpd.  048. 

•1(V4  U.  S.  112. 

^In  addition  to  cases  citpd.  sep  In  re  Central  Irrifjation  DiMfriri,  117  Cal.  3S2 ; 
Lahman  vs.  flatch,  124  Cal.  1 :  People  vs.  Linda  Vista  Irrigation  District,  128  Cal. 
477:  Escondido  High  Sclwol  District  vs.  Escondido  tScminary,  130  (^al.  128;  Nevada 
yational  Bank  vs.  Board  of  ^uncrrisors  of  Kern  County,  01  Pac.  122;  Fogg  vs. 
Perrit  Irrigation  District,  154  Cal.  209;  In  re  t^outh  San  Joaquin  Irrigation  District, 
IW  Cal.  345;  Imperial  ^^'ater  Company  No.  1  vs.  Hoard  of  hupcrvisors  of  Imperial 
County,  102  Cal.  14 ;  Tregca  vs.  Modesto  Irrigation  District,  104  U.  S.  179 ;  Herring 
?i.  Modesto  Irrigation  District,  95  Fed.  705,  and  People  ex  rel.  Brady  vs.  Browns 
VaUey  Irrigation  DistHci,  119  Fed.  535. 
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adversely  aflfectin^  constitutionality  is  concerned  the  net  results  of  the 
additional  litigation  have  been  decisions  that  a  technical  portion  of  sec- 
tion 4  of  the  confirmation  act  of  1889,^  a  portion  of  section  17  of  the 
Wright  act  as  amended  in  1893  (authorizing  boards  of  directors,  as 
additional  security  for  the  payment  of  bonds,  to  pledge  by  mortgage, 
trust  deed,  or  otherwise,  all  property  of  the  district),*  and  section  4  of 
the  act  of  1897  (providing  for  appeal  from  the  board  of  supervisors 
directly  to  the  superior  court), ^  all  of  which  sections  have  since  been 
amended  to  meet  objections  raised  to  them,  were  unconstitutional. 

ORGANIZATION. 

The  first  case  in  the  California  supreme  court  in  which  the  details  of 
the  organization  of  irrigation  districts  were  considered  was  Central 
Irrigation  District  vs.  De  Lappe*  decided  May  31,  1889.  It  was  held 
in  this  ca^e  that  the  primary'  purpose  of  the  organization  of  an  irrigation 
district  is  to  perform  certain  important  public  functions,  and  that  a 
reasonably  liberal  rule  of  construction  should  be  adopted  by  the  courts 
to  carry  out  the  purposes  of  the  law.  In  Fallbrook  Irrigation  District 
VH.  Ahila^  it  was  held  that  the  term  ** freeholders  owning  lands'*  must  be 
strictly  construed  to  mean  owners  of  land  in  the  general  and  unqualified 
sense  of  the  term,  so  that  they  may  fully  appreciate  the  responsibilities 
they  are  about  to  incur.  In  Cullen  vs.  Glendora  ^^ater  Company^  it 
was  held  that  an  agreement  between  the  organizers  of  an  irrigation  dis- 
trict and  a  water  company  for  taking  over  the  system  does  not  render 
the  organization  of  the  district  fraudulent  if  it  is  not  shown  that  the 
organizers  do  not  intend  to  carry  out  the  agreement.  In  the  same  case 
it  was  held  that  the  inclusion  of  impatented  railroad  land  does  not  make 
the  organization  of  a  district  invalid.  In  In  re  Central  Irrigation  Dis- 
iricf^  it  was  held  that  the  holders  of  small  residence  lots  in  towns  and 
cities  are  not  such  owners  of  land  within  the  meaning  of  the  Wright  act 
as  to  make  them  qualified  signers  of  the  original  petition  for  the  organ- 
ization of  the  district.  Instead,  it  was  held  that  such  qualified  signers 
must  be  bona  fide  owners  of  agricultural  land  desiring  to  improve  it  by 
conducting  water  upon  it.  In  Fogg  vs.  Ferris  Irrigation  District^  it  was 
stated  that  the  fact  that  a  majority  of  those  signing  a  petition  as  free- 
holders were  such  only  temporarily  and  nominally,  on  the  agreement 
that  land  conveyed  to  them  should  be  reconveyed  after  the  organization, 
was  a  fraud.     In  Imperial  Water  Company  No.  1  vs.  Board  of  Super- 


'Cullrn  vt  nl.  vs.  The  (ilrndora   Water  Companu,  113  Cal.  503. 
'Mrrrhanta"    \atiouaI  Jiatik  of  San   J)irffo   vs.   fjtivondido  IfTtgation    />w/nV/.  144 
Cal.  320. 

"(UiiiiH  vi  aJ.  vs.  Supriior  Coini  of  San  Jipaquin  Vountii,  15(5  Cal.  47S. 

n<MJ  Cal.  355,  3(15. 
-113  Cal.  503. 
•117  (^al.  .3S2. 
M54  (^al.  200. 
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visors  of  Imperial  County,^  decided  January  8,  1912,  it  was  held  that 
where  town  lots  are  not  irrigable  and  their  owners  are  not  eligible  as 
petitioners,  they  must  be  rejected;  also,  that  the  board  of  supervisors 
has  power  to  include  within  the  boundaries  of  an  irrigation  district  land 
not  within  the  boundaries  set  out  in  the  petition.  In  Herring  vs. 
Modesto  Irrigation  District^  it  was  held,  following  closely  the  decision 
of  the  United  States  supreme  court  in  Fallbrook  Irrigation  District  vs. 
Bradley,^  that  the  question  of  benefits  to  be  derived  from  irrigation 
in  a  proposed  district  is  to  be  decided  by  the  county  supervisors  and 
that  in  the  absence  of  fraud  or  bad  faith  on  their  part  their  decision  is 
conclusive.* 

ASSESSMENTS. 

There  have  been  so  many  decisions  affecting  assessments  and  so  many 
of  these  have  dealt  with  technical  legal  matters  that  no  effort  will  be 
made  to  summarize  them  fully.  In  general,  it  may  be  said  that  in 
numerous  early  cases  the  broad  principle  was  laid  down  that  the  method 
of  making  and  collecting  assessments  for  irrigation  districts  need  not 
follow  exactly  the  mode  provided  for  in  the  constitution  for  taxation  for 
general  state  purposes,  the  distinction  being  recognized  between  general 
taxation  and  its  restrictions  and  assessments  for  local  improvements;* 
that  although  an  apportionment  of  expenses  for  local  improvements  is 
to  be  made  according  to  the  benefits  received  by  the  property  assessed, 
yet  the  power  to  make  such  apportionment  rests  on  the  general  power  of 
taxation,  and  the  apportionment  itself  does  not  depend  upon  the  fact  of 
local  benefit  in  any  other  sense  than  that  all  taxes  are  supposed  to  be 
based  upon  the  benefit  received  by  the  taxpayer  ;*•  that  it  is  within  the 
power  of  the  legislature  to  subject  state  lands  to  any  just  liability  of  the 
character  in  question,  but  the  legislature  has  no  such  power  over  the 
public  lands  of  the  United  States ;'  and  that  the  board  of  directors  may 
exercise  discretion  as  to  the  amount  of  assessment  to  be  collocated,  for 
while  its  action  is  subject  to  the  control  of  the  judiciary,  and  the  collec- 
tion of  an  assessment  may  be  enjoined  in  case  the  board  should  seek  to 
raise  an  excessive  amount,'*  the  courts  have  no  authoritv  to  determine 
the  amount  to  be  raised  or  what  proportion  of  the  assessments  shall  be 
collected. 


U62  C'al.  14. 
"DS  Fed.  705. 
•164  r.  8.  112. 

The  decisions  on  organization  have  covered  many  other  points  than  those  cited 
and  there  have  also  been  additional  cases  as  follows :  In  rv  Honda  of  Madfra  Irri- 

COl; 
Irrifja- 

IW  r.  8.  1.  " 

*Turlock  Irrigation  DiJttnvt  vs.   WUIiamtt,  H)  Cal.  3<M). 
•/»  re  BondH  of  Madera  Irriffation  ni»frici\  J>2  Cal.  2tMJ. 
Ti<y  of  San  Diego  vs.  Lind^i  Vista  Irrigation  J)i»triH  vt  ah,  1(KS  Cal.  185). 
*Bo9kovcitz  et  al.  vs.  Thompson  vt  al,  144  Cal.  724. 
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BONDS. 

As  in  the  case  of  assessments,  the  decisions  on  irrigation  district 
bonds  have  been  so  many  and  in  some  cases  so  technical  that  a  full 
review  of  them  here  is  not  consistent  with  the  purposes  of  this  report. 
Therefore,  only  a  few  of  the  main  questions  brought  out  in  the  decisions 
will  be  referred  to.  In  general,  it  may  be  stated  that  the  decisions 
have  covered  nearly  every  phase  of  the  issuance,  sale,  and  redemption 
of  irrigation  district  bonds,  and  have  necessarily  had  to  do  with  the 
validity  of  district  organizations. 

In  Cullen  vs.  Gleiidora  Waier  Company y^  decided  July  25,  1896,  it 
was  held  that  the  language  of  the  Wright  act  clearly  implied  that  there 
must  be  some  plan  or  plans  in  the  alternative  before  an  estimate  of 
costs  can  be  made  prior  to  a  bond  issue,  and  that  without  such  plan  or 
plans,  no  real  estimates  can  be  made.^  In  Hughson  vs.  Crame^  it  was 
adjudged  that  the  directors  of  a  district  have  no  authority  to  appro- 
priate the  bonds  which  the  electors  have  voted  to  issue  for  the  construc- 
tion of  works  to  the  payment  of  salaries  or  to  expenditures  incurred  in 
the  management  of  the  property ;  also  that  bonds  issued  to  a  contractor 
in  payment  for  the  construction  of  a  dam  are  issued  in  violation  of  the 
statute  and  can  not,  in  his  hands,  be  valid  obligations  against  the 
district.  In  Stinison  vs.  Alessandro  Irrigation  District*  decided  Jan- 
uary 23,  1902,  it  was  held  that  the  board  of  directors  has  power  to 
acquire  water  works  by  construction,  purchase,  or  condemnation,  and 
to  issue  bonds  of  the  district  in  payment  therefor,  and  that  the  board 
has  no  other  powers  except  those  expressly  given  or  implied  as  neces- 
sary to  carry  out  the  main  purposes  of  the  act.  In  Baxter  vs.  Vinel^ind 
Irrigation  District,^  decided  April  3,  1902,  it  was  held  that  no  question 
of  irregularity  such  as  in  keeping  the  records,  conducting  the  elections, 
failing  to  advertise  the  bonds  for  sale,  etc.,  can  be  considered  when  the 
bonds  are  in  the  hands  of  boTia  fide  purchasers  or  holders  for  value, 
without  notice  of  the  alleged  irregularities.  In  Leeman  vs.  Perris 
Irrigation  District,^  decided  October  9,  1903,  it  was  held  that  the  board 
of  directors  has  authority  to  dispose  of  bonds  by  only  two  modes,  all 
others  being  excluded  by  plain  implication,  and  that  it  can  not  reason- 
ably be  said  that  the  power  to  exchange  bonds  for  warrants  issued  for 
construction  work  is  necessarily  implied  from  the  express  power  to 
exchange  bonds  in  payment  for  property ;  also  that  one  who  purchases 
bonds  knowing  that  they  were  negotiated  in  a  manner  not  authorized 


'113  Cal.  503. 

-Rpoeut  amendments  to  the  act  of  1897  which  now  require  a  report  hy  the  State 
Engineer  as  a  condition  precedent  to  the  calling  of  bond  election  are  fully  referred  to 
in  the  review  of  legislation,  pp.  48  and  41). 

'115  Oal.  404. 

•135  Cal.  389. 

»136  Cal.  185. 

•140  Cal.  540. 
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by  law  is  not  a  bona  fide  holder.  In  Nevada  National  Bank  vs.  llie 
Board  of  Supervisors  of  Kern  County^  the  California  court  of  appeals 
for  the  third  district  decided  that  it  was  well  established  that  the 
proper  course  to  pursue  when  municipalities  refuse  to  pay  their  bonds 
is  by  an  action  at  law  to  establish  the  validity  of  the  bonds  and  the 
amount  due  thereon,  and  then  to  apply  for  a  writ  of  mandate  to  compel 
the  proper  authorities  to  raise  what  is  required  to  satisfy  the  debt  by 
assessment  and  levy  provided  by  statute.^  In  Stowell  vs.  Rialto  Irri- 
gatiati  District,^  decided  February  17,  1909,  it  was  adjudged  that  a 
contract  to  deliver  bonds  for  water  rights  and  pipe  lines  is  within  the 
law  and  that  bonds  issued  from  time  to  time  for  completed  portions  of 
an  irrigation  system  are  valid;  for  by  the  use  of  the  words  (in  sec- 
tion 15  of  the  act  of  1897)  **  works  constructed  and  being  constructed'' 
the  legislature  clearly  evidenced  its  intention  to  authorize  districts  to 
negotiate  for  water  systems  in  advance  of  their  total  completion.  In 
Harelsan  vs.  South  San  Joaquin  Irrigation  District*  decided  by  the 
state  court  of  appeals  of  the  third  district  on  November  8,  1912,  it  was 
held  that  no  time  is  prescribed  within  which  a  petition  to  have  land 
excluded  from  a  district  may  be  filed,  and  that  although  a  bond  issue 
may  have  been  authorized,  no  lien  and  consequent  estoppel  of  the  land- 
owner can  arise  until  the  bonds  have  been  sold. 

In  addition  to  decisions  in  the  state  supreme  and  appellate  courts 
many  decisions  affecting  irrigation  district  bonds  in  California  have 
been  rendered  in  the  federal  courts.  In  Miller  vs.  Ferris  Irrigation 
District,^  decided  February  20,  1899,  the  circuit  court  for  the  southern 
district  of  California  held  that  bonds  issued  for  ** labor  and  material' ' 
are  invalid.  In  Herring  vs.  Modesto  Irrigation  District,^  decided 
June  30,  1899,  the  circuit  court  for  the  northern  district  of  California 
held  that  the  exclusion  of  lands  from  a  district  after  organization  does 
not  affect  an  order  for  a  bond  issue,  provided  no  bonds  have  then  been 
sold.  In  Thompson  vs.  Ferris  Irrigation  DistrioV  the  circuit  court  for 
the  southern  district  of  California  held  June  11,  1902,  that  mandunius 
is  the  proper  remedy  in  the  United  States  circuit  court  for  collecting  a 
judgment  obtained  therein  against  a  California  irrigation  district ;  also 
that  if  the  directors  fail  to  make  a  levy  for  payment  of  the  bonded 
obligations,  it  is  the  duty  of  the  county  supervisors  so  to  do  and 
mandamus  will  lie  agaiiLst  them  therefor.^ 


•91  Pac.  122. 

*In  this  connection  it  is  well  to  refer  to  section  39  of  the  act  of  1897  as  amended, 
which  makes  it  under  certain  circumstances  the  duty  of  the  district  attorney  or  the 
attorney  iceneral  to  take  appropriate  action  for  enforcing?  the  levying  and  collection  of 
aasessments. 

nSTi  Cal.  215. 

n28  Pac.  1010. 

■92  Fed.  263. 

•95  Fed.  705. 

'lie  Fed.  709. 

*In  this  connection  reference  is  again  made  to  section  39  of  the  act  of  1897. 
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CONDEMNATION. 

This  subject  was  first  under  consideration  by  the  California  supreme 
court  in  Turlock  Irrigation  District  vs.  Williams,^  decided  May  31, 
1888,  which  held  that  the  provisions  in  the  Wright  act  relative  to  the 
condemnation  of  private  property  were  legal  and  constitutional.  In 
Kinlto  Irrigating  District  vs.  Brandon^  it  was  held  that  a  right  of  way 
may  be  condemned  for  a  pipe  line,  as  well  as  for  ''ditches  and  canals," 
for  the  term  ''system  of  works''  is  broad  enough  to  included  pipe  lines, 
flumes,  or  other  conduits  for  water. 

USE  OF  WATER  OUTSIDE  OF  DISTRICTS. 

In  Hewitt  vs.  San  Jacinto  and  Pleasant  Valley  Irrigation  District 
et  al.,^  decided  April  3,  1899,  it  was  held  that  an  irrigation  district  has 
power  to  deliver  water  on  lands  outside  its  own  territorial  confines  if  it 
has  purchased  the  property  of  a  water  company  subject  to  this  burden, 
and  on  no  just  principle  can  it  hold  the  property  discharged  therefrom. 
A  municipal  corporation  may,  for  proper  corporate  purposes,  both  hold 
property  and  perform  contracts  beyond  the  municipal  boundaries.  In 
Jenison  vs.  Redfield,*  decided  July  30,  1906,  it  w^as  held  that  the  ulti- 
mate purpose  of  an  irrigation  district  is  the  improvement,  by* irrigation, 
of  the  lands  within  the  district,  and  this  precludes  the  district  from 
allowing  water  to  be  taken  outside  of  the  district  for  the  irrigation  of 
other  lands,  even  bv  a  landowner  wuthin  the  district  who  wishes  to  use 
his  proportionate  share  of  district  water  on  his  own  lands  outside. 

INCLUSION  OF  UNPATENTED  GOVERNMENT  LANDS. 

In  San  Diego  vs.  Lindu  Vista  Irrigation  District,^  it  was  held  that 
the  legislature  has  no  such  power  over  the  public  lands  of  the  United 
States  as  to  subject  them  to  liability  for  assessments  in  an  irrigation 
district.  In  Nevada  National  Bank  vs.  Poso  Irrigation  District^  it  was 
held  that  so  long  as  land  remains  public  land  of  the  United  States  no 
liability  created  by  the  state  or  an  irrigation  district  can  attach  thereto. 
The  sale  and  convevance  bv  the  United  States  of  land  within  an  irri- 
gation  district  does  not  operate  to  charge  it  with  a  pre-existing  liability 
not  created  or  assented  to  by  the  government  or  its  grantee,  and  such 
land  is  not  a  part  of  an  irrigation  district,  is  not  subject  to  any  lien  for 
district  bonds,  and  is  not  subject  to  any  assessment  for  the  payment  of 
anv  debt  or  liabilitv  of  the  district. 


'70  Cal.  3(50. 
MOB  (^al.  3H4. 
'124  Cal.  180. 
M4J)  Cal.  r>(K). 
MOS  Cal.  ISl). 
''HO  (^al.  344. 
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In  Vullen  vs.  Glendora  Water  Company^  it  was  held  that  the  in- 
clusion of  unpatented  railroad  land  does  not  make  the  orj^anization  of 
the  district  invalid. 

INCLUSION  OF  MUNICIPALITIES. 

In  Modesto  Irrigation  District  vs.  Tregea,^  it  was  held  that  munici- 
palities may  properly  be  included  within  the  boundaries  of  irrigation 
districts,  for  they  are  indirectly  and  to  a  certain  extent  directly  bene- 
fited by  irrigation,  as  to  the  merits  of  which  the  judgment  of  the  board 
is  conclusive.  Furthermore,  every  taxpayer  receive*  an  allotment  of 
the  water  proportional  to  his  taxes  and  this  he  may  use  or  sell,  thus 
receiving  a  full  equivalent  for  the  tax  assessed  to  him.  Again,  in 
In  re  Madera  Irrigatuyii  District^  it  was  held  that  the  inclusion  of  a 
town  neither  renders  the  act  unconstitutional  nor  invalidates  the 
organization  of  the  district. 

INCLUSION  AND  EXCLUSION  OF  LANDS. 

In  Cullen  vs.  Olefidora  Water  Company*  it  was  held  that  the  board 
of  supervisors  has  discretionary  power  as  to  the  inclusion  or  exclusion 
of  lands  and  that  the  only  objection  that  can  be  raised  is  as  to  the  abuse 
of  such  power,  or  fraud.  In  Imperial  Water  Company  No.  1  vs.  Board 
of  Supervisors  of  Imperial  County,^  decided  January  8,  1912,  it  was 
held  that  the  board  of  supervisors  has  power  to  include  within  the 
boundaries  of  a  district  land  not  within  the  boundaries  set  out  in  the 
petition.  In  Central  Irrigation  District  vs.  De  Lappe^  it  was  held  that 
the  judgment  of  the  board  is  final  as  to  the  exclusion  of  lands  on  the 
basis  of  their  nonirrigability  from  the  proposed  common  system  of 
\  works.  In  Modesto  Irrigation  District  vs.  Tregea^  it  was  held  that  lands 
may  be  excluded  from  a  district  after  the  authorization  of  a  bond  issue, 
provided  no  bonds  have  been  issued  or  the  holders  of  outstanding  bonds 
consent.  In  Harelson  vs.  South  San  Joaquin  Irrigation  District,^ 
decided  November  8,  1912,  the  state  court  of  appeals  for  the  third  dis- 
trict of  California  held  that  the  term  ** another  source,'^  as  used  in 
section  78  of  the  act  of  1897  (in  connection  with  lands  entitled  to  be 
excluded  from  an  irrigation  district)  does  not  necessarily  mean  another 
source  of  works  but  may  mean  any  .source  by  which  the  lands  are  in  fact 
being  irrigated,  as  for  instance,  a  pumping  plant ;  but  in  order  to  coun- 
teract this  decision  section  78  was  amended  in  1911  by  adding  a  proviso 


'113  Cal  503. 
"88  Cal.  334. 
V>  Cal.  296. 
ni3  Cal.  503. 
'm  Cal.  14. 
t9  Cal.  351. 
28  Cal.  334. 
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at  the  end  that  lands  irrigated  by  underground  pumped  waters  and 
benefited  by  subirrigation  from  the  irrigation  or  drainage  works  of  a 
district  can  not  claim  exclusion,  although  they  are  not  assessable  except 
for  principal  and  interest  on  bonds  if  thus  irrigated  on  organization 
and  still  exclusively  so  irrigated  each  year.  In  Herring  vs.  Modesto 
Irrigation  District^  the  United  States  circuit  court  for  the  northern  dis- 
trict of  California  held  that  the  exclusion  of  lands  from  a  district  after 
organization  does  riot  aflfect  an  order  for  a  bond  issue,  provided  no 
bonds  have  then  been  sold.^ 

EFFECT  OF  ACT  OF  1897  ON  DISTRICTS  PREVIOUSLY 

ORGANIZED. 

This  question  has  been  adjudicated  by  the  federal  courts  only.  In 
Herring  vs.  Modesto  Irrigation  District,^  decided  June  30,  1899,  it  was 
held  by  the  circuit  court  for  the  northern  district  of  California  that  no 
contract,  obligation,  lien,  or  charge  incurred  by  an  irrigation  district 
prior  to  1897  was  affected,  impaired,  or  discharged  by  any  of  the  pro- 
visions of  the  act  of  1897,  but  such  liabilities  were  expressly  continued 
in  section  109  thereof.  In  Board  of  Supervisors  of  Riverside  County 
vs.  Thompson*  decided  May  11,  1903,  it  was  held  by  the  circuit  court  of 
appeals  for  the  ninth  circuit  on  error  to  the  circuit  court  for  the 
southern  district  of  California  that  the  act  of  1897  applies  to  all  existing 
irrigation  districts,  no  matter  when  organized,  for  it  recognizes  the 
existence  and  validity  of  districts  theretofore  organized  and  makes  them 
subject  to  the  provisions  of  the  act  so  far  as  applicable. 


SUMMARY  AND  CONCLUSIONS. 

1.  The  original  Wright  irrigation  district  act  and  the  amended  act  of 
1897  have  together  been  on  the  statute  books  of  California  for  twenty- 
eight  years  and  during  this  time,  and  in  spite  of  many  early  mistakes 
and  failures,  some  of  which  resulted  in  entire  or  partial  repudiation  of 
bonded  indebtedness,  the  district  form  of  irrigation  organization  has 
become  an  established  California  institution  as  to  the  effectiveness  and 
success  of  which  there  can  no  longer  be  any  question.  No  irrigation 
district  organized  under  the  amended  act  of  1897,  or  since  reorganiza- 
tion under  that  act,  has  defaulted  in  the  payment  when  due  of  either 
principal  or  interest  of  any  bonded  indebtedness. 


'9.")  Fed.  705. 

*For  an  additional  case  on  inclusion  of  lands,  see  Central  Irrigation  District  vs. 
De  Lappe  et  aZ.,  79  Cal.  351. 
•i)5  Fed.  705. 
*122  Fed.  SCO. 
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2.  Failures  under  the  original  act  of  1887  may,  in  the  main,  be 
attributed  to  one  or  more  of  the  following  conditions  or  causes : 

(a)  Lack  of  any  provision  for  state  control  or  supervision  through 
which  the  organization  of  unwise  and  infeasible  districts  could  be  pre- 
vented by  the  state  government. 

(fe)  The  granting  of  too  large  a  measure  of  power  to  minority  land- 
owners in  the  matter  of  initiating  district  projects,  resulting  in  the 
formation  of  a  number  of  districts  in  which  the  majority  of  the  estab- 
lished substantial  interests  was  opposed  to  such  organization;  also, 
resulting  in  some  cases  in  the  formation  of  districts  by  a  relatively  few 
occupants  of  desert  holdings  who  in  no  way  represented  the  interests 
of  those  who  ultimately  would  have  had  to  pay  for  the  district  improve- 
ments had  the  project  been  successful. 

(c)  Absence  of  some  proper  limitation  on  the  power  of  districts  to 
create  debt  without  the  assent  of  those  representing  at  least  a  majority 
of  the  property  to  be  charged  with  the  debt.  This  lack  resulted  in 
many  eases  in  the  voting  and  issuance  of  bonds  far  in  excess  of  amounts 
conditions  at  the  time  justified,  inevitably  arousing  bitter  opposition  on 
the  part  of  the  large  landowners. 

(d)  In  the  case  of  a  considerable  number  of  the  districts  organized, 
a  too  strongly  speculative  attitude  on  the  part  both  of  the  promoters 
and  organizers  of  such  districts  and  of  those  who  purchased  the  bonds 
that  were  issued. 

(e)  Lack  of  data  as  to  water  supply  and  construction  costs,  resulting 
in  engineering  mistakes  that  even  a  small  measure  of  public  control 
should  now  be  able  to  prevent. 

(/)  In  a  few  cases,  willingness  of  engineers  of  repute  to  report  favor- 
ably on  district  projects  for  which  there  was  no  physical  justification 
and  for  which,  in  some  cases,  there  was  no  moral  justification. 

(g)  Misconception  by  many  of  the  purposes  of  the  district  law  and 
of  the  extent  of  the  power  over  riparian  rights  granted  by  it  to  non- 
riparian  owners. 

(h)  Excessive  optimism  of  the  period  of  greatest  activity  under  the 
law,  followed  by  the  industrial  panic  of  1893,  during  which  feasible 
projects  in  some  cases  met  the  same  fate  as  those  that  were  not  feasible. 

(i)  General  attack  on  the  principles  of  the  law  under  financial 
support  of  a  number  of  both  larj?e  and  small  landowners  who  were 
convinced  by  shrewd  attorneys  that  the  Wright  act  could  be  proven 
unconstitutional  and  debts  incurred  under  it  thereby  be  invalidated. 

(j)  In  some  cases,  failure  of  the  organizers  of  districts  to  give  due 
regard  to  economic  feasibility  at  the  time  the  projects  were  undertaken. 

3.  Forty-nine  irrigation  districts  were  organized  under  the  original 
Wright  act.  Of  these,  twenty-four  disorganized  or  were  abandoned 
prior  to  any  substantial  activity  and  without  the  issuance  of  any  bonds. 

8— 27335di 
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One  (Walnut)  never  issued  any  bonds  but  has  been  continuously  suc- 
cessful from  the  start. 

4.  Of  the  twenty-four  of  the  old  districts  that  issued  bonds,  nine  were 
essentially  speculative,  five  were  bona  fide  but  clearly  unwise,  one  large 
one  was  bona  fide  and  entirely  feasible  physically  but  was  unsupported 
by  a  sufiScient  public  opinion  to  justify  it  at  the  time  organized,  four 
simply  failed  of  success,  and  seven,  including  two  classed  as  speculative 
when  organized,  are  now  operating.  Sixteen  of  the  twenty-four  have 
effected  a  financial  settlement  and  bond  suits  are  pending  in  three 
others. 

5.  Of  the  eight  districts  organized  under  the  original  Wright  act  that 
are  operating  in  1915,  Modesto,  Turlock,  and  Alta  have  most  completely 
made  use  of  the  financial  and  administrative  provisions  of  the  district 
law  and  are  unquestionably  successful.  Browns  Valley  and  Tulare  dis- 
tricts have  entirely  eliminated  their  bonded  indebtedness,  according  to 
the  terms  of  settlement  agreed  on  with  their  bondholders,  and  are  now 
operated  on  a  tolls  basis  with  conditions  having  reached  stability  in 
Tulare  district.  Little  Rock  Creek  district  has  recently  refunded  its 
original  bonded  indebtedness  on  a  compromise  basis  and  has  rehabili- 
tated and  greatly  improved  its  water  system  out  of  the  proceeds  of  an 
additional  small  bond  issue.  Big  Rock  Creek  district  has  recently  been 
restarted  under  the  auspices  of  a  socialist  colony  and  settlement  suits 
covering  the  old  bonds  are  pending.  Walnut  district  continues  to  run 
successfully  as  an  agency  for  the  ownership  and  operation,  on  a  tolls 
basis,  of  the  small  area  included. 

6.  Nine  irrigation  districts  have  been  organized  under  the  act  of  1897 
and  its  amendments.^  Of  these.  South  San  Joaquin,  Oakdale,  and  San 
Ysidro  have  mainly  completed  construction.  Imperial  has  voted  the 
necessary  bonds  and  will  take  over  the  system  of  the  California  Develop- 
ment Company  as  soon  as  certain  preliminary  uncertainties  are  cleared 
up;^  Anderson-Cottonwood  and  La  Mesa,  Lemon  Grove,  and  Spring 
Valley^  have  laid  out  or  have  agreed  to  purchase  works  and  have  voted 
bonds  therefor,  and  Waterf ord,*  Alpaugh,^  and  Black  Rock  have  not  yet 
determined  upon  procedure  for  acquiring  a  water  supply  and  dis- 
tributing works. 

7.  The  original  Wright  act  of  1887,  as  re-enacted  in  1897  and 
amended  from  time  to  time  since  then,  has  proven  to  be  a  workable  and 
generally  satisfactory  measure,  the  amended  law  having  corrected  the 
chief  defects  and  supplied  some  of  the  essential  omissions  of  the  earlier 
law,  as  well  as  having  added  several  entirely  new  features  designed  to 


'This  has  since  been  increased  to  fourteen.     See  footnote  on  page  60. 
'See  footnote  on  page  102. 
*See  footnote  on  page  94. 
*See  footnote  on  page  74. 
'See  footnote  on  page  90. 


IRRIGATION  DISTRICTS  IN  CALIFORNIA.  115 

give  the  state  government  a  larger  responsibility  in  aiding  and  watch- 
ing irrigation  districts  under  the  broad  theory  that  irrigation  districts 
are  in  some  measure  agencies  of  the  state  in  furthering  irrigation 
development.  It  seems  quite  evident,  however,  that  further  improve- 
ment is  possible,  in  part  as  suggested  below. 

8.  The  present  provision  of  the  California  irrigation  district  act 
requiring  a  report  by  the  State  Engineer  on  proposed  districts  prior  to 
their  organization  might  well  be  amended  to  require  a  careful  investi- 
gation and  physical  examination  by  the  State  Engineer  prior  to  report, 
instead  of  merely  requiring  a  somewhat  negative  report,  as  at  present ; 
and  to  make  this  possible  it  would  seem  that  the  State  Engineer  should 
be  allowed  such  reasonable  time  as  he  might  require,  instead  of  the 
present  thirty  days,  in  which  to  make  his  examination  and  report. 

9.  Operation  of  the  existing  law  providing  for  a  report  by  the  irriga- 
tion district  bond  commission  on  district  bond  issues  has  materially 
strengthened  the  financial  status  of  approved  California  irrigation  dis- 
tricts and  resulted  in  a  definite  improvement  in  irrigation  district 
construction.  It  is  believed,  however,  that  the  absence  of  any  control  by 
the  state  over  the  expenditure  of  the  proceeds  of  bond  sales  where  the 
issuance  of  the  bonds  has  been  approved  by  the  bond  commission  is 
unfair  both  to  the  state  and  the  investing  public,  and  that  consequently 
the  present  law  should  be  amended  to  require  approval  by  the  State 
Engineer  of  all  work  done  with  the  proceeds  of  approved  bond  issues. 

10.  The  measure  of  control  and  supervision  that  should  be  exercised 
by  the  state  over  irrigation  districts  is  admittedly  subject  to  argument. 
In  the  opinion  of  the  writer,  however,  the  weight  of  argument,  in  the 
case  of  California,  is  on  the  side  of  strengthening  and  enlarging  the 
measure  of  control  and  supervision  now  exercised,  both  as  suggested  in 
paragraphs  8  and  9  above,  and  to  give  the  State  Engineer  at  least 
advisory  jurisdiction  over  the  financial  operations  of  irrigation  districts, 
to  the  end  that  efficiency  in  irrigation  districts  shall  be  increased,  and 
the  security  of  bondholders  strengthened.  In  this  latter  connection  it 
is  suggested  that  the  state  might  well  provide  an  as  nearly  as  possible 
uniform  system  of  irrigation  district  accounting,  for  use  especially 
daring  construction,  but  also  in  connection  with  operation  and  main- 
tenance. 

11.  An  annual  conference  of  irrigation  district  officials  to  be  called 
by  the  State  Engineer,  would,  it  is  believed,  work  for  a  more  uniform 
and  a  better  administration  of  organized  irrigation  districts,  and  might 
lessen  the  now  too  frequent  amendment  of  the  district  law  to  meet 
special  conditions  in  particular  districts.  The  connection  of  the  State 
Engineer  with  such  a  conference  might  inject  into  its  deliberations  the 
viewpoint  of  the  public,  which  viewpoint  has  been  almost  wholly  lacking 
in  legislation  framed  and  submitted  to  the  legislature  by  the  districts 
themselves.    Such  a  conference  might,  for  instance,  among  numerous 
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other  matters,  well  consider  the  wide  variation  in  the  levying  of  irriga- 
tion district  assessments,  to  which  attention  is  called  in  the  discussions 
of  the  present  status  of  existing  districts. 

12.  The  growing  tendency  in  some  districts  toward  employing  a  com- 
petent irrigation  district  manager  M'ho  shall,  subject  to  the  board  of 
directors,  have  full  control  of  the  district  business,  seems  to  be  in  line 
with  a  better  business  administration,  and  for  that  reason  is  to  be 
strongly  commended.  There  is  a  feeling  in  some  of  the  districts  that 
the  present  per  diem  system  of  compensating  members  of  boards  of 
directors  for  time  devoted  to  district  business  is  responsible  for  some  of 
the  directors  giving  much  time  to  matters  that  might  more  properly  be 
dealt  with  by  a  general  manager ;  also  that  in  addition  to  increasing  the 
cost  of  administration,  by  their  doing  so,  the  willingness  of  individual 
directors  to  deal  with  such  matters  is  quite  apt  to  weaken  the  authority 
of  the  engineer  or  superintendent  and  thus  make  his  task  the  more 
difficult.  A  remedy  for  this  condition  might  be  found  in  a  board  of 
three,  instead  of  five  directors,  the  members  to  receive  regular  annual 
salaries  commensurate  with  the  time  devoted  by  them  to  district 
business. 

13.  The  recent  great  interest  in  California  in  the  irrigation  district 
form  of  organization  justifies  such  careful  watchfulness  by  the  state  as 
will  prevent  unduly  rapid  irrigation  district  expansion,  in  advance  of 
real  economic  justification. 

14.  The  main  problem  before  several  of  the  districts  recently  organ- 
ized is  to  obtain  settlers  for  the  lands  for  which  water  has  been  made 
available,  and  one  of  the  most  prevalent  deterrents  to  rapid  settlement 
would  seem  to  be  the  high  prices  asked  for  land.  Unfortunately,  no 
wholly  satisfactory  method  has  yet  been  devised  for  preventing  undue 
speculation  in  land  in  irrigation  districts,  along  with  that  on  projects 
of  other  forms,  based  on  the  making  of  irrigation  water  available.  If 
the  experience  of  the  last  decade  is  to  profit  recently-formed  irrigation 
districts  in  California,  it  is  believed  that  the  prevention  of  land  specu- 
lation, as  well  as  the  other  problems  of  modern  land  settlement,  must 
be  given  careful  consideration  by  them  as  districts,  instead  of  leaving 
such  matters  wholly  to  individuals,  as  in  the  past.  There  is  no  apparent 
reason  why  irrigation  districts  should  not  and  could  not  enter  into 
agreements  with  the  owners  of  lands  within  such  districts  that  are  open 
for  colonization  providing  for  the  sale  of  such  lands  to  settlers  at  an 
agreed  price,  and  under  such  conditions  and  terms  of  payment  as  might 
be  mutually  determined  to  be  satisfactory  to  the  seller  and  within  the 
means  of  the  purchaser.  An  amendment  to  the  district  law  permitting 
irrigation  districts  to  enter  into  such  agreements  might  open  to  irri- 
gation districts  a  new  way  of  helping  themselves  to  attain  a  more  rapid 
development  and  success. 


ADDENDA 
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I. 


STATISTIOAL  LIST  OF  IRBiaATION  DISTRICTS 


Districts  organized 


County  or  counties  in  wbicta 
located 


Tear 

organ- 
iMd 


Ana,  acrei 
(in  most  eaaee, 
approximete) 


Bimded  indebtednenB 
iocurrcd 


Happy  Valley  — 


Orland 


Kraft 


Orland     South- 
side. 


Shasta  1891 


Glenn 1887 

(formerly  Oolusa) 


Tehama  and  Glenn 1888 

(formerly      Tehama 
and  Oolusa) 


13,000 


Glenn   — 

(formerly  Oolusa) 


1888 


25.000 


None 


None 


None 


None 


1 

Ocntral  

Oolusa  

1887 

156.550 

1 

1 
1 

About  $570,000 

1 

Oolusa    

Oolusa 

1888 

106.000 

None 

Browns  Valley  . 

Yuba  

1888 

44.328 

$140,000 

Modesto  

Stanislaus    

1887 

81.143 
(now  81,183) 

Original  $1,150,000- 

funding.  $1,341,511; 
and  $256,000   addi- 
tional  to  Jan.   1. 
1915.    Later,    $610.* 
000.    Total  now 
outstandlnff 
$1,605,511. 
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OBOANIZEO  TTMDEB  THE  WEIGHT  ACT  OF  1887. 


Extent  of  operations 


Baals  of  flnancUl  settlement 


Accomplished  nothing  and  soon  aban- 
doned. Replaced  by  small  cooperative 
company. 


Accomplished  nothing   and   soon   aban- 
doned. 


On  order  of  superior  court  in  1902 
supervisors  levied  assessment 
sufBcient  to  meet  judgment  cov- 
ering all  debts  left. 


Left  no  indebtedness. 


Orgranization  and  bond  issue  of  $80,000 
confirmed,  but  soon  abandoned  owing 
to  general  discouragement  and  inter- 
nal dissensions.  Later  most  of  land 
petitioned  out  of  district. 


Made  surveys  and  voted  $200,000  bonds, 
which  declared  void  prior  to  issue. 
Abandoned  when  opposition  gained 
control. 

Operated  several  years,  built  about  40 
niilcs  of  canal,  ceased  work  about  1892 
due  to  inability  to  sell  bonds,  and 
finally  declared  illegally  organized  by 
supreme  court  in  1897.  Works  leased  in 
1903,  lease  now  being  held  by  Sacra- 
mento Valley  Irrigation  Oompany  and 
Its  successors.  Landowners  in  old  dis- 
trict recently  held  by  supreme  court  to 
have  preferential  right  to  water  In 
Oentral  canal. 


Accomplished  nothing  and  disorganized 
In  1893  by  vote  of  208  to  18. 


Built  headworks  In  North  Tuba  River, 
9  miles  of  flume,  25  miles  of  main  canal, 
and  some  laterals,  which  made  water 
available  to  about  4,500  acres.  Inactive 
for  a  number  of  years  due  to  litigation, 
but  Anally  declared  legal  by  United 
States  court  In  1905.  Now  operated 
under  contract  with  power  company 
and  by  water  tolls. 

By  July  1,  1895,  built  dam,  headworks, 
9.000  feet  flume  and  earthworks  down  to 
district  line.  Inactive  next  7  years. 
Rehabilitated  1902,  works  extended,  and 
now  active  and  successful,  52,381  acres 
being  irrigated  In  1914. 


All  indebtedness  paid  by  voluntary 
assessment. 


All  indebtedness  paid  by  voluntary 
assessment. 


Bonds  mostly  bought  by  Sacra- 
mento Valley  Irrigation  Oom- 
pany at  reported  price  of  35  cents 
on  dollar  and  held  as  protection 
for  lauds  purchased  In  district  by 
It.  Suits  Involving  validity  of 
bonds  never  prosecuted  to  con- 
clusion. Company  made  compro- 
mise with  some  landowners. 


Left  no  indebtedness. 


Bonds  and  Interest  coupons  com- 
promised In  1906  at  30  cents  on 
dollar. 


Original    Indebtedness    funded    In 
1902  dollar  for  dollar  less  refund 
of  5   years*    Interest   on   funding 
bonds.  All  obligations  since  fund 
Ing  paid  In  full  as  due. 
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STATISTICAL  LIST  OF  IRRIGATION  DISTRICTS  ORGLAN 


Districts  organized 


Turlock 


Madera 


Sunset 


Huron 


Selma 


Alta 


Tulare 


Tipton 


County  or  counties  In  which 
located 


Tear 
organ- 
ized 


Area,  acres 
(In  most  castes, 
approzlinale) 


Bonded  Indebtedneas 
Incurred 


Stanislaus  and  Merced 


1887  176,210 

Know  175,566) 


Madera 1888 

(formerly  Fresno) 


Fresno  and  Kings 1891 


Fresno  _ 1892 


Tulare,     Fresno,     and      1888 
Kings. 


Tulare   _._ 1889 


Tulare 


1891 


280,000 


Original  $1,170,000; 
funding,  $1,156,000; 
additional  to  Jan. 
1.  1915,  $1,416,800; 
total  now  out- 
standing $2,572,800. 

None 


318,500 


At  least  $329,500 


25.000  : 


None 


None 


130.000  ,  Original,    $543,000; 
funding  about 
$480,000. 


59.360 


$500,000 


17,000 


$50,000 
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IZED  UNDER  THE  WRIGHT  ACT  OF  1887— Continued. 


Eitent  of  opentloni 


Basil  of  flnancUl  Mttlanent 


Oonstruction  periodically  under  way  to 
1901  and  system  largely  completed. 
After  long  litigation  bonds  finally  held 
valid  in  1901  and  reorganization  and 
rehabilitation  of  system  rapidly  fol- 
lowed.   Now  active  and  successful. 


Original  indebtedness  funded  in  1902 
on  basis  of  80.5  cents  on  the  dol- 
lar. All  obligations  since  fund- 
ing paid  in  full  as  due. 


Surveys  made  and  $850,000  bond  issue 
voted.  Sought  to  purchase  Madera 
canal  system  but  unsuccessful.  Owing 
to  litigation  and  discouragement  An- 
ally voted  166  to  14  to  disorganize;  dis- 
solved by  court  April  18,  1896. 


All  indebtedness  paid  from  time  to 
time  by  assessments. 


Voted  $2,000,000  bond  issue,  made  survey; 
traded  $329,500  in  bonds  for  water 
rigrhts,  rights  of  way.  and  services. 
Obtained  decree  of  confirmation  by 
fraud,  which  finally  set  aside  and  dis- 
trict declared  null  and  void. 


No  settlement  made  or  known  to  be 
contemplated. 


Accomplished    nothing   and   soon    aban- 
doned. 


No  record  of  any  indebtedness. 


Organized  to  take  over  existing  canals, 
but  three  efforts  to  vote  bonds  failed 
and  activities  practically  ceased  In  1891 
although  kept  alive  and  assessments 
levied  lor  several  years  thereafter. 


Running  expenses  paid  from  annual 
assessments;  no  debts  left  un- 
paid. 


Exchanged  $410,000  in  bonds  for  76  Canal 
and  spent  $133,000  for  laterals.  In  liti- 
gation and  other  trouble  to  compro- 
mise in  1901,  but  never  inactive.  In 
later  years  system  considerably  im- 
proved and  district  now  active  and  suc- 
cessful. 


In  order  to  stop  litigation  against 
the  district  and  to  aid  and  en- 
courage the  district,  bondholders 
consented  In  1901  to  refund  at  25 
per  cent  discount. 


Exchanged  $250,000  in  bonds  for  Kawcah 
and  Settlers  canals,  and  constructed 
connecting  canal  and  laterals.  Prac- 
tically inactive  and  in  much  litigation 
1895  to  1903,  but  again  became  active 
after  compromise,  and  now  successful. 
Now  operated  mostly  by  water  tolls. 


Original  Indebtedness,  not  includ- 
ing bond  interest,  compromised 
in  1902,  mostly  at  50  cents  on  dol- 
lar, money  being  raised  by  volun- 
tary assessment  and  subscription. 


Contracted  for  a  completed  system  for 
practically  entire  bond  Issue,  and  this 
system,  covering  the  entire  area  in  dis- 
trict, was  built.  But  when  diversion 
of  water  attempted  district  perma- 
nently enjoined  from  taking  any  and 
district  abandoned. 


Indebtedness,  not  including  paid 
Interest,  compromised  In  1911  at 
average  of  72  cents  on  dollar, 
money  being  raised  by  assessment 
of  about  25  cents  on  $100  levied  by 
supervisors. 
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STATISTICAL  LIST  OF  IRRIGATION  DISTRICTS  ORGAN 


Districts  orsanlxi'd 


County  or  countln  lu  which 
located 


Year    '      Aiw.  aem 

organ-   ,    (Id  most  casts, 

Ijoed     I     spprozimata) 


Tule  River 


Tulare '    1891 


Kern  and  Tulare 


Poso 


Kern    1888 


Bonded  indebtednesB 
Incurred 


22,000 


40.000 


40.000 


$100,000 


None 


$500,000 


Neenach 


Amargoza 


Los  Angeles 1893 


Los  Angeles 1895 


3.840 


5.000 


None 


None 


JPalmdalo 


Los  Angeles   1890  = 


50.000 


None 


Manzana   '  Los  Angeles 


1891 


8.000 


About  $40,000 


Little 
Oreek. 


Rock    Los  Angeles _     1892  ' 


4.200  I  Original.  $88,000; 

jdncluding    j  later  (for  funding 
I    1,300  acres  •  and  reconstruc- 
govern-      |  tlon)  $60,000. 
ment  land 
not  prop- 
erly part 
I    of  dis- 
trict) 
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IZED  UNDER  THE  WRIGHT  ACT  OF  1887— Continued. 


Extent  of  operations 


Basis  of  financial  Mttlement 


Built  dam  in  Tuie  River  and  recon- 
structed several  existing  systems,  and 
when  ready  to  distribute  water  injunc- 
tion suits  brought  to  restrain  diver- 
sions by  district  and  injunction 
granted  December,  1898.  Water  deliv- 
ered several  years,  but  district  soon 
went  in  state  of  stagnation  and  re- 
mained so  until  compromise.  District 
disorganized  January  20,  1913.  Works 
built  still  in  use  by  landowners. 

Voted  $500,000  in  bonds,  but  none  issued. 
Spent  about  $40,000  in  surveys,  rights 
of  way,  and  other  preliminary  expenses. 
Realizing  injunction  would  be  brought 
to  prevent  diversion  from  Kern  River, 
voted  to  disorganize  In  1896. 


Indebtedness,  not  including  bond 
interest,  compromised  in  1904  at 
50  cents  on  dollar,  money  being 
raised  by  district  assessment  vol- 
untarily paid.  Outstanding  war- 
rants, although  long  outlawed, 
also  paid. 


All  money  spent  raised  by  assess- 
ments. After  disorganization  bal- 
ance of  $900  prorated  among  tax- 
payers. 


After  disposing  of  $60,000  In  bonds  con- 
tracted for  a  completed  system  from 
Poso  Creek  for  remaining  $440,000  voted. 
After  partial  completion  of  an  inferior 
system  realized  no  water  available 
from  Poso  Greek  and  district  aban- 
doned. 


Bonds  mostly  acquired  by  an  In- 
vestment company  and  land  be- 
ing released  from  bond  liability 
by  payment  of  $11  per  acre,  16,715 
acres  having  been  so  released  by 
November,  1914, 


Never  active 


No  record  of  any  indebtedness. 


Made  sur\'eys,  but  soon  abandoned. 


Expenses  of  organization  and  sur- 
veys paid  by  those  most  active. 


Voted  $175,000  bonds  and  did  a  little 
work  looking  to  diversion  from  Little 
Rock  Creek.  Organization  held  null 
and  void  July  10,  1891,  and  abandoned. 
Some  little  development  since  by  other 
parties. 


No  bonds  issued.    Outstanding  war- 
rants never  paid. 


Part  of  a  land-selling  scheme  and  accom- 
plished nothing  because  no  water 
available.  Bonds  traded  for  alleged 
water  rights  and  part  of  a  system. 
Abandoned  early. 


Traded  most  of  bonds  disposed  of  to 
promoting  company  for  water  rights 
and  construction.  Little  activity  1895 
to  about  1910  when  compromise  effected. 
Works  reconstructed  1914-15  at  cost  of 
$35,000  In  new  bonds. 


Several   settlements   proposed   but 
none  yet  worked  out. 


Old  bond  issue  traded  1914  for  $25,000 
In  new  bonds. 
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STATISTICAL  LIST  OF  IRRIQATION  DISTRICTS  ORGAN 


DlstricU  onanlxed 


County  or  oounties  In  which 
located 


Tetr 

oisan- 
iMd 


Area,  terae 
(in  most  casea, 
approzhnate) 


Bonded  Indebtednesi 
Incurzed 


Big  Rock  Greek. 


Los  Angeles 1890 


Santa  Gertrudes 


Los  Angeles ,    1890 


Vineland 


Glendora 


Los  Angeles 


1892 


Pomona  Orange 
Belt. 


Los  Angeles 


1890 


Strong 


Walnut 


Rialto 


San  Bernardino 1890 


90.000  I  In  excess  of 
$223,000. 


2,000 


4.000 


3.000 


4.000 


7,200 


None 


$62,000 


None 


$2,000 


None 


None 


About  $411,000 
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IZED  UNDER  THE  WRIGHT  ACT  OF  1887— Continued. 


Extent  of  operations 


Traded  $150,000  bonds  lor  water  rights 
and  ditch,  partly  going  to  promoting 
company.  Additional  bonds  issued  for 
miscellaneous  expenses  and  additional 
w^ater  development.  Abandoned  be- 
cause of  no  water.  Small  acreage  now 
being  irrigated. 


Voted  $55,000  bonds,  but  unable  to  sell 
any.  Lost  water  rights  while  wating. 
I>isorganized  September  16,  1899. 


Traded  $10,000  for  water  rights  and  spent 
$50,000  in  cash  and  bonds  tunneling  for 
^water,  but  were  enjoined  from  using  the 
water  developed,  but  about  100  inches 
obtained  from  well  in  district.  Com- 
plete default  since  1894.  About  2.000 
acres  now  being  irrigated  by  small  un- 
incorporated company  and  district 
abandoned. 


Voted  $170,000  bonds,  but  none  issued. 
District  formed  to  take  over  Glendora 
Water  Company  and  obtain  additional 
supply  from  tunnels.  Controversy  over 
agreement  followed  by  litigation  In 
which  bonds  finally  were  declared  ille- 
gal in  1886.  Prior  to  this  district  aban- 
doned and  mutual  company  formed. 


Voted  $200,000  bonds.  Traded  the  $2,000 
issued  for  water  rights,  which  yielded 
one-tenth  supposed  supply.  Plans 
abandoned  early,  but  district  not  dis- 
organized until  1897.  Land  now  irri- 
gated from  wells. 


Organized  chiefly  to  get  power  of  con- 
demnation. Disputed  water  rights 
Anally  settled  favorably  and  district 
activity  ceased  1896. 


Basis  of  financial  settlement 


No  settlement.   Suit  on  bonds  pend- 
ing November,  1914. 


Old  warrants,  long  outlawed,  paid 
50  cents  on  dollar. 


No  settlement  made  or  known  to  be 
contemplated  October,  1914.  Has 
about  $1,500  still  in  treasury. 


No  record  of  any  Indebtedness. 


Formed  to  reorganize  and  operate  an 
existing  ditch  system.  Has  been  con- 
tinuously active  and  successful. 


Organized  to  help  sell  land.  Traded 
bonds  disposed  of  to  promoting  com- 
pany for  supposed  water  right  and  a 
pipe  system  to  be  built.  About  75 
miles  of  pipe  finally  built  and  about 
660  Inches  of  water  developed.  With 
dry  years  water  failed,  and  mutual  com- 
pany formed  to  operate  system. 


Indebtedness  paid  in  full  by  volun- 
tary subscription. 


Left  no  Indebtedness. 


No    settlement    necessary;    has    al- 
ways paid  bills. 


Over  $200,000  of  old  bonds  purchased 
at  12  to  25  cents  on  dollar  by  mu- 
tual company  now  operating  sys- 
tem. Numerous  suits  and  appeals 
on  remaining  bonds  now  pending, 
including  appeals  on  judgments 
aggregating  about  $192,000. 
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STATISTICAL  LIST  OF  IRRIGATION  DISTRICTS  ORGAN 


Districts  organljced 


County  or  counties  In  which 
located 


Tear 

orvan- 
lied 


Area,  acres 
(In  most  cases, 
approximate) 


Bonded  Indebteduc 
incurred 


Olive  

San  Bernardino  

Citrus  Belt 

San  Bernardino  

900 


1890 


11.700 
(afterwards 
reduced 
to  2,450) 


Grape!  and 


East    Riverside. 


San  Bernardino 1890 


San    Bernardino    and      1890 
Riverside. 


Alossandro 


Elsinore 


Riverside  1891 


Riverside 1889 


Perris 


Murrietta 


Riverside  '    1890 


Riverside 1890 


10.787 


2.690 


25.500 


15.000 


None 


None 


About  $129,000 


About  $237,000 


$765,000 


None 


25,000  I  Probably  more 
than  $400,000. 


14,000  I 


None 
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IZED  UNDER  THE  WRIGHT  ACT  OF  1887— Continued. 


Extent  of  operatloBs 


Toted  $60,000  bonds  to  develop  artesian 
water.  After  confirmation  of  bonds 
organizers  decided  to  proceed  differ- 
ently and  district  disorganized. 


Organized  as  adjunct  to  sale  of  lands. 
Trusteed  $780,000  in  bonds  to  cover  de- 
velopment of  water  by  promoting  com- 
pany and  on  failure  of  company  bonds 
returned.  Built  about  U  miles  ditch 
with  warrants.  Disorganized  May  1, 
1897.   About  2,000  acres  now  watered. 


Tapped  underflow  of  Lytic  Creek  and 
built  10  to  15  miles  of  ditches.  Organ- 
ization held  valid,  but  lost  supposed 
water  rights  and  ceased  activity. 
Small  area  now  supplied  by  develop- 
ment company. 


Developed  some  water  from  wells,  pur- 
chased a  pipe  line  for  about  $100,000 
and  built  other  works,  mostly  paid  for 
in  bonds.  Reorganized  into  Riverside 
Heights  Mutual  Water  Company  and 
over  $200,000  spent  for  betterments. 
Land  all  irrigated  now. 


Promoted  by  land  and  water  company, 
to  which  it  traded  all  of  its  bonds  for 
"class  B"  water  rights,  the  water  sys- 
tem to  remain  the  property  of  the  pro- 
moting company.  Part  of  the  system 
agreed  upon  was  built,  but  the  com- 
pany and  the  water  supply  both  failed 
and  district  abandoned.  District  de- 
clared illegal. 


Investigated  water  supplies  and  voted 
$450,000  in  bonds  to  buy  "water  rights" 
but  abandoned  before  issuing  bonds, 
owing  to  doubt  as  to  ability  to  obtain 
water,  and  later  dissolved  by  consent. 


Voted  $442,000  in  bonds.  Traded  $240,000 
in  bonds  for  "class  B"  water  rights  and 
used  nearly  $200,000  in  bonds  in  con- 
structing distributing  system  in  dis- 
trict. Promoting  company  and  water 
supply  failed  and  district  abandoned. 


Looked  for  water  in  desultory  way  and 
bored  one  well,  but  was  dissolved  about 
five  years  after  organization  with 
nothing  accomplished. 


Basis  of  fiiuincUl  settlement 


Left  no  indebtedness. 


All  debts,  mostly  warrants,  paid  50 
cents  on  dollar. 


No  settlement  yet.  Suits  over 
bonds  pending.  One  judgment  for 
$4,400  now  on  appeal  to  supremo 
court. 


Mutual  company  purchased  most  of 
bonds  at  about  25  to  50  cents  on 
dollar.  Bonds  for  $19,000  held  in- 
valid in  federal  court.  A  few 
bonds  not  yet  located.  Mutual 
company  became  responsible  for 
all  indebtedness. 


No  settlement.  Bonds  held  void 
and  bondholders  declared  to  have 
had  notice  of  illegality  of  issue. 
Final  judgment  acquiesced  in  by 
bondholders  and  bonds  burned. 


All  indebtedness  paid. 


In  May,  1915,  compromised  claims 
on  bonds  and  coupons,  partly  re- 
duced to  judgments,  on  basis  of 
about  40  cents  on  dollar.  As- 
sumed that  no  further  settlement 
likely  on  ground  that  bonds  and 
coupons  not  sued  on  prior  to  Jan- 
uary 1,  1915,  have  outlawed. 


AH  indebtedness  paid. 
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STATISTICAL  LIST  OF  IRRIGATION  DISTRICTS  ORGAN 


DlstrlcU  oiganlzed 


Countj  or  counties  In  whlcb 
located 


Tear 

oriaa- 
Ized 


Area,  acres 
(In  most  cases, 
apprortmate) 


San  Jacinto  and 
Pleasant  Val- 
ley. 


Riverside 
Heights. 


Anaheim  .. 


Escondido 


Fallbrook 


Linda  Vista 


Riverside  1891 


Riverside  1891 


Orange 


1889 


San  Diego  .„     1889 


San  Diego ;    1891 


San  Diego 1891 


Bonded  IndebtediiCM 
Incurred 


18.000 


1.400 


33.000 


12.814 


12.000 


42.600 


$225^250 


None 


None 


$350,000 


None 


$176,000 


Jamacha San  Diego 


1891 


22,000 


$111,000 


San  Marcos i  San  Diego  i    1891 


10,000 


None 


Otay ....   San  Diego 


1891 


44,000 


None 
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IZED  UNDER  THE  WRIGHT  ACT  OF  1887— Continued. 


Extent  of  opwatlona 


Basis  of  flnancUl  settlement 


Voted  1350,000  in  bonds.  Traded  part  lor 
water  rights  and  other  property  and 
sold  some.  Built  3  miles  flume,  18  miles 
main  and  12  miles  lateral  ditches.  Irri- 
gated a  few  hundred  acres.  Found 
water  and  system  inadequate  and  dis- 
trict declared  void  and  abandoned. 


No  settlement.  Some  bond  claims 
reduced  to  Judgments,  but  these 
not  satisfied,  and  no  settlement 
plan  known  to  be  pending.  Dis- 
trict said  to  consider  itself  only 
liable  for  about  $65,000  of  bonds 
sold  for  cash. 


Yoted  $300,000  in  bonds,  but  none  issued. 
Spent  about  $8,000  for  general  expenses 
and  about  $15,000  developing  water. 
Found  not  feasible  and  abandoned. 

Voted  $600,000  in  bonds  and  proposed  to 
take  over  and  improve  local  systems, 
but  finally  abandoned  and  dissolved 
September  12,  1805. 


Built  dam,  tunnels,  flumes,  and  ditches 
and  distributed  water  to  about  1,000 
acres.  Then  changed  to  mutual  com- 
pany and  since  operated  as  such. 
Dissolved. 


Voted  $400,000  in  bonds,  but  sold  none  and 
did  nothing  beyond  preliminary  inves- 
tigation. Declared  not  legally  organ- 
ized. 


Voted  $1,000,000  in  bonds.  Traded  most 
of  those  disposed  of  to  the  promoters 
for  supposed  water  properties  and  paid 
$10,000  for  certain  water  rights.  Dis- 
solved April  15,  1914. 


Voted  $700,000  in  bonds.  Purchased  Bar- 
rett dam  site  and  related  water  rights 
for  $106,000  in  bonds.  Adverse  condi- 
tions resulted  in  abandonment.  Sub- 
sequently all  property  acquired  ex- 
changed for  all  outstanding  bonds  and 
warrants  and  district  dissolved  May  5, 
1909. 


Voted  $350,000  in  bonds,  but  after  exami- 
nation of  probable  cost  was  voted  to 
disorganize.  Dissolved  by  court  Octo- 
ber i  1893. 


Proposed  to  utilize  Moreno  dam  site,  but 
got  into  litigation  and  abandoned.  In- 
curred expenses  to  amount  of  about 
$6,000.  Levied  one  assessment  of  $9,000, 
but  this  held  invalid.  Voted  to  dis- 
solve in  1894,  but  dissolution  not  al- 
lowed  because  of  outstanding  debts. 

9—28988 


All  debts  paid  before  district  aban- 
doned. 


All  debts  paid  before  dissolution. 


Compromised  by  paying  bond- 
holder $200,000  and  interest  thereon 
for  a  few  months  in  full  settle- 
ment of  claims  aggregating  $498,- 
365  on  January  1,  1905. 


No  record  of  having  left  any  Indebt- 
edness. 


Exchanged  water  properties  orig- 
inally acquired  with  $176,000  in 
bonds  for  $55,000  of  old  bonds  and 
compromised  remainder  of  the 
debt  for  $125,000  raised  by  district 
assessment  in  1913  and  1914. 


All  debts  paid  before  dissolution. 
(See  preceding  column.) 


All  indebtedness  paid  before  disso- 
lution. 


No  settlement.    All  debts  outlawed. 
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II. 

LIST  OF  IRRIGATION  DISTRICTS,  PROPOSED  UNDER  THE 
ORIGINAL  WRIGHT  ACT,  FOR  WHICH  ORGANIZATION  WAS 
NEVER  COMPLETED. 

Records  of  the  old  Wright  act  districts  disclose  a  number  of  attempts 
to  form  districts  that  were  not  successful.  In  some  cases  the  petitions 
to  the  supervisors  were  denied;  in  other  cases  they  were  withdrawn. 
In  at  least  one  case  there  has  been  merely  a  confusion  of  names.  As 
some  of  these  proposed  districts  have  occasionally  been  referred  to  as 
districts  that  were  fully  organized,  a  list  of  them,  together  with  state- 
ments of  essential  facts  regarding  them,  is  included  herewith : 

Spring  Valley  (San  Diego  County). — This  was  merely  the  name 
originally  proposed  for  Jamacha  district. 

Oceansidc  Coast  (San  Diego  County). — Petition  filed  September  12, 
1891 ;  denied  October  5,  1891. 

Azusa  (Los  Angeles  County). — Petitions  filed  April  1,  1889,  June  10, 
1889,  and  at  one  later  time.  At  one  election  on  the  proposal  to  organize 
181  voted  ^^Yes^'  and  111  ''Ko/'  Plan  definitely  abandoned  July  28. 
1890. 

Downey  (Los  Angeles  County). — Petition  filed  January  5,  1888. 
Remonstrance  filed  January  20,  1888.     Dropped. 

Alhambra  (Los  Angeles  County). — Petition  filed  August  3,  1889. 
Approved  by  supervisors  but  withdrawn  at  request  of  petitioners. 

Acton  (Los  Angeles  County). — Petition  filed  December  26,  1892. 
Protest  filed  saying  project  would  bond  lands  included  for  one-half  of 
their  value  and  that  the  promoters  would  get  the  benefit.  Petition 
dismissed  April  19,  1893. 

Delhcsa  (IjOs  Angeles  County). — Petition  filed  March  9,  1891;  denied 
April  3,  1891. 

Willows  (Colusa  County). — Petition  filed  December  8,  1887.  Organ- 
ization defeated  at  election  January  14,  1888,  vote  standing  88  for  and 
48  against.  As  originally  proposed  this  district  included  some  land  in 
Orland  Southside  district  but  this  was  excluded  prior  to  the  election. 

College  (Colusa  County). — Petition  filed  May  7,  1888.  Organiza- 
tion defeated  by  vote  of  74  to  43  at  election  held  Jime  18,  1888. 
Covered  land  near  College  City  southeast  of  Colusa,  water  to  be  taken 
from  Sacramento  River. 

Pierce  (Colusa  County). — Petition  filed  August  6,  1888.  Covered 
land  south  of  Willows.  Organization  defeated  September  8,  1888,  by 
vote  of  61  to  34. 

Kirkwood  (Tehama  County). — Petition  filed  December  24,  1889. 
Water  for  district  to  be  obtained  from  Toms  Creek.  Organization 
defeated  by  vote  of  20  to  39  January  20,  1890. 
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in. 

LIST  OF  IRRIGATION  DISTRICT  CASES  AFFECTING  CALL 
FORNIA  IRRIGATION  DISTRICTS  AND  SUBJECTS  DEALT 
WITH  IN  DECISIONS. 

Turlock  Lnigation  District  vs.  Williams,  76  Cal.  360,  May  31,  1888 : 
Constitutionality;  public  nature  of  irrigation  districts;  assessments; 
condemnation. 

Central  Irrigation  District  vs.  De  Lappe  et  al.,  79  Cal.  331,  May  31, 
1889:  Bonds;  constitutionality;  public  nature  of  irrigation  districts; 
organization ;  construction  of  law ;  petition ;  sufficiency  of  bond ;  meeting 
of  board;  publication  of  petition;  establishment  of  boundaries;  pub- 
lication of  election  proclamation;  establishment  of  voting  precincts; 
form  of  bonds. 

Orall  vs.  Board  of  Directors  of  Peso  Irrigation  District,  87  Cal.  140, 
December  15,  1890:  Constitutionality;  public  nature  of  irrigation  dis- 
tricts; bonds;  confirmation  proceedings;  jurisdiction  of  court  therein; 
service  of  process. 

Board  of  Directors  of  Modesto  Irrigation  District  vs.  Tregea,  88  Cal. 
334,  March  19,  1891 :  Bonds ;  confirmation  proceedings ;  publication  of 
notice  of  petition ;  contents  of  notice ;  jurisdiction  of  court  after  amend- 
ing petition;  inclusion  of  city  lands;  sale  of  allotted  water;  judgment 
of  board  on  inclusion;  materiality  of  evidence  of  fraud;  exclusion  of 
lands;  reintroduction  of  evidence;  notice  of  election;  time  of  com- 
mencing proceeding;  effect  of  exclusion  on  subsequent  bonds. 

Pahndale  Irrigation  District  et  al.  vs.  Rathke  et  al.,  91  Cal.  538, 
October  14,  1891:  Bonds;  confirmation  proct^edings ;  appeal;  notice  of 
entry  of  judgment ;  estoppel  by  stipulation. 

In  re  Bonds  of  Madera  Irrigation  District,  92  Cal.  296,  December  14, 
1891:  Constitutionality;  public  use;  organization  of  public  corpora- 
tions; public  nature  of  irrigation  districts;  taxation;  assessments  for 
local  improvements;  sufficiency  of  bond  accompanying  petition;  suffi- 
ciency of  boundary  description ;  proof  of  presentation  of  petition ;  form 
of  bonds ;  inclusion  of  municipality. 

People  vs.  Tumbnll,  93  Cal.  630,  March  17, 1892 :  Attempted  bribery; 
scope  of  '^Trustee'*  in  Penal  Code;  allegation  of  qiiasn  public  nature  of 
corporation. 

Tr^ea  vs.  Owens,  94  Cal.  317,  April  11,  1892:  Assessment;  tax- 
ation; authorization  of  assessment  by  electors. 

People  vs.  Selma  Irrigation  District,  98  Cal.  206,  :\Iay  4,  1893 :  Pub- 
lie  nature  of  irrigation  districts;  dissolution  for  nonuser  of  franchise. 
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Sanford  vs.  East  Riverside  Irrigation  District,  101  Cal.  275,  Febru- 
ary 7, 1894:  Contract;  damages;  findings  .on  conflicting  evidence ;.  ascer- 
tainment of  profit. 

Quint  vs.  McMullen,  103  Cal.  381,  July  20,  1894:  Quieting  title; 
delinquent  tax  sale ;  erroneous  decree ;  status  of  ownership. 

Bialto  Irrigating  District  vs.  Brandon  et  al.,  103  Cal.  384,  July  20, 
1894:  Condemnation;  authority  to  construct  pipe  line;  confirmation 
proceeding. 

Quint  vs.  Hoffman  et  al.,  103  Cal.  506,  August  8, 1894 :  Assessments ; 
de  jure  or  de  facto  character  of  district ;  collateral  attack  on  validity  of 
organization ;  payment  of  just  tax. 

Woodruff  et  aL  vs.  Perry  et  al.,  103  Cal.  611,  August  25,  1894: 
Assessment;  authorization  by  electors. 

Directors  of  Fallbrook  Irrigation  District  vs.  Abila,  106  Cal.  355, 
365,  March  11, 1895 :  Confirmation  proceedings ;  qualifications  of  signers 
of  petition  for  organization;  tenant  in  common;  married  woman  hold- 
ing community  property  as  signer;  holder  of  certificate  of  purchase 
from  state  for  school  land  partly  paid  for  as  signer ;  issues  in  new  trial ; 
time  of  opening  and  closing  polls;  burden  of  proof  in  confirmation 
proceedings;  bonds;  entry  on  minutes  of  board;  rescission  of  resolu- 
tion for  bond  issue. 

First  National  Bank  of  Bridgeport,  Ohio,  vs.  Ferris  Irrigation  Dis- 
trict et  al.,  107  Cal.  55,  April  5,  1895 :  Notice  by  materialman ;  assign- 
ment by  contractor ;  rights  of  bona  fide  assignee ;  voidability  of  executed 
contract;  filing  of  notice  of  claim;  entirety  of  contract;  value  of  pat- 
terns ;  counterclaim ;  setoff. 

City  of  San  Diego  vs.  Linda  Vista  Irrigation  District  et  al.,  108  Cal. 
189,  July  19,  1895:  Assessment  and  taxation;  pueblo  lands  of  city; 
state  lands;  government  lands. 

Fudickar  vs.  East  Biverside  Irrigation  District,  109  Cal.  29,  Septem- 
ber 5,  1895 :  Allegation  of  ownership ;  real  property  character  of  water 
right;  president  of  corporation  as  grantor  and  grantee;  voidability  of 
unauthorized  conveyance;  enforcement  of  voidable  contract  against 
assignee. 

Cooper  vs.  Miller  et  al.,  113  Cal.  238,  June  6,  1896:  Assessment; 
sale;  a&sessment  of  several  lots  in  one  parcel;  double  levy  in  one  order; 
tax  deed  as  evidence  of  election;  recital  of  election  in  order  of  board; 
materiality  of  allegation  of  payment. 

CuUen  et  al.  vs.  The  Olendora  Water  Company,  113  Cal.  503,  July 
25,  1896:  Confirmation  proceedings;  plans  and  estimates;  constitution- 
ality of  act  of  1889 ;  sufiiciency  of  boundary  description ;  inclusion  and 
exclusion  of  land;  divisions  in  district;  election  of  directors;  fraud  in 
organization ;  inclusion  of  railroad  lands. 
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Hughson  et  al.  vs.  Orane,  115  CaL  404,  December  18,  1896 :  Bonds ; 
assessments;  discretion  of  board  in  making  levy;  bona  fides  of  bond- 
holders ;  district  as  part^  in  action  to  vacate  assessment. 

Boefamer  vs.  Big  Bock  Irrigation  District  et  al.,  117  CaL  19,  May  14, 
1897:  Proof  of  ownership;  riparian  rights;  percolating  waters;  pro- 
cedure for  new  trial ;  right  of  district  to  sue  and  be  sued. 

Wilson  et  al.  vs.  Carter,  117  Cal.  53,  May  21,  1897;  Assessment; 
sale ;  liability  of  former  collector. 

In  re  Organization  and  Bonds  of  the  Central  Irrigation  District,  117 
Cal.  382,  June  24,  1897 :  Confirmation  act ;  special  proceeding ;  weight 
of  prior  decision;  finality  of  supervisors'  decision;  constitutionality; 
publication  of  notice  of  presenting  petition;  freeholders;  owners  of 
town  lots  as  petitioners ;  bonds ;  rights  of  bona  fide  bondholders. 

Carter  vs.  Tilghman,  119  Cal.  104,  November  24,  1897:  Warrants, 
assessments;  division  into  funds. 

Mitchell  vs.  Patterson,  120  Cal.  286,  March  15,  1898:  Warrants; 
clerical  errors  in  findings;  statutory  funds  of  district;  liability  for 
salaries  and  expenses. 

Lahman  et  al.  vs.  Hatch,  124  Cal.  1,  March  9,  1899 :  Assessments ; 
description  in  assessment  book;  alterations  by  board  of  equalization; 
constitutionality ;  notice  of  levy. 

Hewitt  et  al.  vs.  San  Jacinto  and  Pleasant  Valley  Irrigation  District 
et  al.,  124  Cal.  186,  April  3,  1899 :  Water  rights ;  delivery  of  water ; 
usage  in  community ;  proof  of  land  ownership ;  assumption  of  contracts 
by  district ;  delivery  of  water  outside  district ;  introduction  of  evidence ; 
damages  to  crops. 

People  ex  rel.  Stone  vs.  Jeffords  et  al.,  126  Cal.  296,  October  12, 
1899:  Dismissal  of  action;  laches  of  irrigation  district;  discretion  of 
judge. 

East  Biverside  Irrigation  District  vs.  Holcomb  et  al.,  126  Cal.  315, 
October  18,  1899 :  Proper  parties ;  intervention ;  cross-complaint  on  new 
cause  of  action. 

Vineland  Irrigation  District  vs.  Azusa  Irrigating  Company  et  al., 
126  Cal.  486,  October  28,  1899:  Appropriation  of  water;  notice  of 
appropriation;  surface  flow;  subterranean  flow;  ** percolating  waters" 
defined;  change  of  point  of  diversion. 

Perry  vs.  Otay  Irrigation  District  et  al.,  127  Cal.  565,  February  15, 
1900 :  Public  character  of  district  oflBcers ;  assessments ;  set-off  of  salary ; 
public  funds ;  illegality  of  collection. 

People  vs.  Linda  Vista  Irrigation  District,  128  Cal.  477,  May  3, 
1900 :  Confirmatory  act ;  purpose  of  special  proceeding;  constitutionality 
of  confirmatory  act;  scope  of  judgment  in  special  proceeding;  bar  to 
subsequent  quo  warranto;  public  nature  of  irrigation  districts. 
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Sechrist  et  al.  vs.  Bialto  Irrigation  District  et  al.,  129  Cal.  640,  Sep- 
tember 5,  1900 :  Demurrers ;  bonds ;  statute  of  limitations ;  laches ;  relief 
of  taxpayer  without  first  doing  equity ;  district  as  plaintiff  and  defend- 
ant ;  proper  and  necessary  parties. 

Escondido  High  School  District  of  San  Diego  County  vs.  Escondido 
Seminary  of  University  of  Southern  California  et  al.,  130  Cal.  128, 
September  27,  1900:  Assessments;  misnomer  of  owner  of  property 
assessed ;  conclusiveness  of  tax  deed ;  discretion  of  board  of  directors  in 
making  levy;  contents  of  tax  deed;  constitutionality. 

Kerr  vs.  Superior  Court,  130  Cal.  183,  October  2,  1900:  Mandamus; 
review  of  action  of  court ;  citation ;  discretion  of  court ;  undertaking  of 
fruitless  thing. 

People  ex  rel.  Fogg  vs.  Perris  Irrigation  District,  132  Cal.  289, 
March  21,  1901 :  Rights  of  intervenors  on  appeal ;  confirmation  proceed- 
ings; impeachment  of  confirmation  judgments. 

Stimson  vs.  Alessandro  Irrigation  District,  135  Cal.  389,  January 
23,  1902:  Powers  of  boards  of  directors;  bonds  delivered  for  executory 
contract ;  jurisdiction  of  court  in  special  proceeding. 

Baxter  vs.  Vineland  Irrigation  District  et  al.,  136  Cal.  185,  April  3, 
1902 :  Bondholders  as  proper  parties ;  collateral  attack  on  bonds ;  rights 
of  bona  fide  holders;  assessments;  acts  of  de  facto  officer;  sale  noticed 
for  le^al  holiday ;  proof  of  allegations  in  complaint. 

Nevada  National  Bank  of  San  Francisco  vs.  Poso  Irrigation  District, 
140  Cal.  344,  September  25,  1903:  Government  lands;  liability  of 
patented  land  on  bonds  previously  issued;  inclusion  of  patented  land. 

Henry  et  al.  vs.  Vineland  Irrigation  District  et  al.,  140  Cal.  376, 
September  28,  1903 :  Assessments ;  dismissal  of  action ;  eifect  on  inter- 
venor. 

Leeman  vs.  Perris  Irrigation  District,  140  Cal.  540,  October  9,  1903: 
Bonds;  authority  of  board  to  dispose  of  bonds;  bmia  fides  of  holder. 

Turpen  vs.  Turlock  Irrigation  District  et  al.,  141  Cal.  1,  October  17, 
1903 :  Condemnation ;  damage  from  seepage ;  reasonableness  of  construc- 
tion work. 

People  vs.  Perris  Irrigation  District,  142  Cal.  601,  March  26,  1904: 
Notice  of  appeal;  statute  of  limitations;  fraud;  special  proceeding; 
effect  of  special  proceedint;  on  validitj*  of  organization;  cause  for  action 
in  equity. 

Merchants'  National  Bank  of  San  Diego  vs.  Escondido  Irrigation 
District,  144  Cal.  329,  August  3,  1904:  Pledge  of  district  property; 
constitutionality;  public  and  private  nature  of  irrigation  districts. 

Boskowitz  et  al.  vs.  Thompson  et  al.,  144  Cal.  724,  September  20, 
1904:  Rights  of  intervenors;  liens;  assessments;  judicial  power  to 
declare  and  enforce  liens ;  discretion  of  board  of  directors. 
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Bert  vs.  Wohlford  et  al.,  144  Cal.  733,  September  20,  1904 :  Tax-deed 
assessment ;  description  of  land  assessed ;  parol  evidence  on  description ; 
reference  to  map. 

JeniBon  vs.  Bedfield  et  al.,  149  Cal.  500,  July  30,  1906:  Ownership 
of  proportionate  share  of  district  water ;  use  of  water  outside  district ; 
damages ;  prescriptive  right  of  landowner  against  district. 

Western  Union  Telegraph  Company  vs.  Modesto  Irrigation  Com- 
pany et  al.,  149  Cal.  662,  August  31,  1906:  Assessments;  real  property; 
personal  property ;  telegraph  lines. 

Best  vs.  Wohlford  et  al.,  153  Cal.  17,  February  8,  1908 :  Assessments; 
tax  deed ;  sufficiency  of  description  of  land ;  least  quantity  of  land ;  time 
when  entitled  to  deed;  abbreviations  in  notice  of  sale;  statement  of 
separate  assessments. 

Fogg  vs.  Perris  Irrigation  District,  154  Cal.  209,  August  28,  1908: 
Notice  and  petition ;  fraud  in  organization ;  voidability  of  organization ; 
decree  of  confirmation;  contents  of  notice  of  hearing;  chan<j:es  in 
boundaries ;  bonds ;  effect  of  invalid  and  valid  decrees. 

De  La  Beckwith  vs.  Sheldon  et  al.,  154  Cal.  393,  October  13,  1908: 
Appropriation;  lease  from  district;  contract;  confidential  relations  of 
contractors;  place  of  diversion;  prosecuticm  of  work  under  notice  of 
appropriation;  admissibility  of  evidence;  magnitude  of  enterprise; 
lapse  of  district 's  rights ;  proper  parties. 

Tulare  Irrigation  District  et  al.  vs.  Collins,  154  Cal,  440,  October  20, 
1908:  Execution  sale;  public  trust;  estoppel  of  district. 

Stowell  vs.  Rialto  Irrigation  District,  155  Cal.  215.  February  17, 
1909:  Contract  to  deliver  bonds;  purposes  of  bond  exchange;  form  of 
bonds ;  negotiability. 

Chinn  et  al.  vs.  Superior  Court  of  San  Joaquin  County,  156  Cal.  478, 
November  19,  1909:  Judicial  power  of  courts;  api)eals  from  board  of 
supervisors ;  constitutionality. 

Walnut  Irrigation  District  vs.  Burke  et  al.,  158  Cal.  165,  168,  August 
1,  1910:  Appeals;  place  of  use  of  water;  prior  rights;  use  of  water 
within  district ;  rules  of  water  deliverj-. 

Haese  vs.  Heitzeg,  159  Cal.  569,  March  16,  1911:  Assessment;  delin- 
quent tax  deed;  good  faith  of  district;  stipulation;  parties  bound  by 
judgment  in  personam;  confirmation  proceedinjr;  df'  facto  corporation; 
rights  of  bo^ia  fide  holders. 

In  re  Bonds  of  the  South  San  Joaquin  Irrigation  District,  161  Cal. 
345,  November  15,  1911 :  Constitutionality;  effect  of  unconstitutionality 
of  one  provision  on  entire  act ;  title  of  act. 

Imperial  Water  Company  No.  1  vs.  Board  of  Supervisors  of  Imperial 
County  et  al.,  162  Cal.  14,  January  8,  1912:  Writ  of  reviow^;  creation 
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of  public  corporations;  judicial  character  of  board  of  supervisors;  con- 
stitutionality of  section  and  of  entire  act;  signatures  to  notice  of  peti- 
tion ;  contents  of  notice ;  due  process  of  law ;  proof  of  publication ;  evi- 
dence on  signatures;  qualifications  of  petitioners;  inclusion  of  lands; 
consideration  of  evidence  on  certiorari. 

De  La  Beckwith  vs.  Sheldon  et  al.,  165  Cal.  319,  AprU  16,  1913: 
Novation;  substitution  of  contract;  revival  of  canceled  contract;  efiEect 
of  new  contract ;  effect  of  intervening  rights. 

Imperial  Land  Company  et  al.  vs.  Imperial  Irrigfation  District  et  al^ 
166  Cal.  491,  December  8,  1913:  Mandamus;  assessment;  election  peti- 
tion ;  concurrent  jurisdiction  of  superior  court. 

De  La  Beckwith  vs.  Sheldon,  168  Cal.  742,  December  10,  1914:  Con- 
struction of  contract ;  allegation  of  value  of  bonds ;  lien  on  property  of 
company. 

Decker  vs.  Perry,  35  Pac.  1017,  February  28,  1894:  Illegal  assess- 
ment; election;  payment  under  protest;  averment  of  district  organi- 
zation. 

Hewel  vs.  Hogin,  84  Pac.  1002,  November  17, 1905;  March  15, 1906: 
Permission  to  amend;  lithographic  signature;  funds  for  payment  of 
bonds;  mandamus;  interest  on  interest  coupons;  statute  of  limitations. 

Healey  et  al.  vs.  Anglo-Califomian  Bank,  Limited,  et  al.,  90  Pac.  54, 
March  27,  1907:  Bids  for  construction;  forfeiture;  notice  for  bids; 
plans  and  specifications. 

Nevada  National  Bank  of  San  Francisco  vs.  Board  of  Supervisors  of 
Kern  County  et  al.,  91  Pac.  122,  May  28, 1907 :  Jurisdiction  of  superior 
court;  levy  by  supervisors  vice  directoi-s;  expenses  of  levy;  erroneous 
direction  in  decree ;  effect  of  judgment  on  litigated  obligation ;  constitu- 
tionality; time  of  levy  by  supervisors;  provision  for  other  creditors; 
laches. 

Commercial  National  Bank  of  Ogden  vs.  Schlitz,  91  Pac.  750,  July 
31,  1907 :  Filing  of  notice  to  move  for  new  trial ;  assessments ;  dissolu- 
tion; delinquent  tax  deed;  description  of  property;  prescription  as 
affected  by  payment  of  taxes. 

McPherson  vs.  Alta  Irrigation  District  et  al.,  112  Pac.  193,  October 
18,  1910 :  Res  adjudicuta;  new  issue  in  appellate  court ;  acquiescence  of 
plaintiff  in  existing  conditions. 

Harelson  vs.  South  San  Joaquin  Irrigation  District  et  al.,  128  Pac. 
1010,  November  8,  1912:  Inclusion  of  lands;  ''another  source"  of  irri- 
gation defined;  estoppel  of  landowner  on  exclusion;  limits  of  discretion 
of  board;  mandamus  an  remedy. 

Nahl  vs.  Alta  Irrigation  District  et  al.,  137  Pac.  1080,  November  22, 
1913:  Maintenance  of  irrigation  ditch;  duty  of  owner;  degree  of  care 
required ;  liability  for  extraordinary  floods. 
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et  aJ.  vs.  £kkcramento  Valley  West  Side  Canal  Company 
et  al.,  148  Pac.  790,  April  29,  1915:  Be  facto  character  of  district; 
illegal  organization;  dissolution;  public  use;  estoppel  to  deny  title  of 
lessor;  vltra  vires  lease;  transfer  of  franchises;  constitutionality; 
administration  of  public  use ;  mandamus;  protection  of  incipient  right ; 
public  service  corporation;  preferential  water  rights;  subversion  to 
private  use. 

FEDERAL  CASES. 

Bradley  et  al.  vs.  Fallbrook  Irrigation  District  et  al.,  68  Fed.  948, 
July  22,  1895:  Relief  in  equity;  constitutionality;  public  use;  due 
process  of  law. 

Killer  vs.  Perria  Irrigation  District  et  al.,  85  Fed.  693,  February  21, 
1898 :  Corporate  existence ;  challenge  by  private  parties ;  effect  of  state 
decisions  on  federal  courts;  conclusiveness  of  confirmation  decrees; 
statutory  bar  to  attack  on  illegality  of  organization;  accrual  of  cause 
of  action. 

Alessandro  Irrigation  District  vs.  Savings  and  Trust  Company  of 
Cleveland,  Ohio,  et  al.,  88  Fed.  928,  June  29,  1898 :  Bonds ;  cross  bill. 

Ferris  Irrigation  District  vs.  Savings  and  Trust  Company  of  Cleve- 
land, Ohio,  et  al.,  88  Fed.  989,  June  29, 1898 :  Bonds ;  cross  bill. 

Miller  vs.  Ferris  Irrigation  District  et  al.,  92  Fed.  263,  February  20, 
1899 :  Bonds ;  labor  and  material ;  innocent  purchasers ;  pleadings ;  con- 
sideration ;  attack  on  organization ;  restoration  of  consideration. 

Shepard  vs.  Tulare  Irrigation  District,  94  Fed.  1,  April  24,  1899 : 
Mandamus;  federal  jurisdiction;  bond  fund;  demand  on  county  treas- 
urer; allegations  of  regularity  in  issuance. 

Herring  vs.  Modesto  Irrigation  District,  95  Fed.  705,  June  30,  1899 : 
Allegation  of  failure  to  perform  duty;  jurisdiction  of  federal  courts; 
mandamus;  constitutionality;  decisions  of  California  courts;  corporate 
character  of  district;  estoppel  of  district  to  plead  illegal  organization; 
construction  of  statute  of  limitations;  discretion  of  supervisors;  effect 
of  exclusion  of  lands  on  bonds. 

Miller  vs.  Perris  Irrigation  District  et  al.,  99  Fed.  143,  January  15, 
1900 :  Estoppel  of  municipality ;  rights  of  hona  fide  bondholders ;  duty 
of  directors;  binding  force  of  judgment  in  special  proceeding;  effect  of 
quo  warranto  on  bonds. 

Perris  Irrigation  District  vs.  Thompson,  116  Fed.  832,  ]\Iay  5,  1902: 
Belief  of  bondholder;  purport  of  confirmation  proceedings;  bonds  as 
evidence  of  corporate  character ;  president  of  district  as  bondholder. 

Thompson  vs.  Perris  Irrigation  District,  116  Fed.  769,  June  11, 1902 : 
Mandamus;  duty  of  supervisors ;  remedy  of  bondholders. 

People  ex  rel.  Brady  vs.  Browns  Valley  Irrigation  District  et  al., 
119  Fed.  535,  November  3,  1902:  Quo  warranto;  constitutionality. 
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Board  of  Supervisors  of  Riverside  Coanty  et  al.  vs.  Thompson  et  al., 
122  Fed.  860,  May  11,  1903:  Levy  by  super\'isors;  res  adjudicata;  marir 
damus;  notice  to  supervisors;  effect  of  act  of  1897  on  districts  pre- 
viously organized ;  competency  of  petition  to  supervisors  as  evidence. 

Marra  vs.  San  Jacinto  and  Pleasant  Valley  Irrigation  District  et  aL, 
131  Fed.  780,  April  27.,  1904:  Receivership;  remedy  on  bonds;  mnn- 
damus. 

Wright  vs.  East  Riverside  Irrigation  District,  138  Fed.  313,  :May  29, 
1905:  Bona  fide  bondholders;  signatures  to  bonds;  signatures  to  cou- 
pons; antedating. 

Quinton  et  al.  vs.  Equitable  Investment  Company  et  al.,  196  Fed. 
314,  May  6,  1912:  Relief  in  equity;  vacancies  in  office;  powers  of  tax- 
payers; collateral  attack  on  organization. 

Penis  Irrigation  District  vs.  Tumbull,  215  Fed.  562,  May  4,  1914: 

Issuance  of  summons ;  following  state  procedure. 

Penis  Irrigation  District  vs.  Escher  et  al.,  215  Fed.  566,  May  4, 
1914 :  Issuance  of  summons ;  following  state  procedure. 

Pallbrook  Irrigation  District  vs.  Bradley,  164  U.  S.  112,  November 
16,  1896:  Constitutionality;  authority  of  state  courts;  due  process  of 
law;  public  use;  hearing  before  supervisors;  public  nature  of  irrigation 
districts ;  assessments. 

Tregea  vs.  Modesto  Irrigation  District,  164  U.  S.  179,  November  16, 
1896 :  Confirmation  proceeding ;  adjudication  therein ;  res  adjudicata. 

Tulare  Irrigation  District  vs.  Shepard,  185  V.  S.  1,  March  24, 1902: 
Notice  and  petition;  corporate  character  of  divStrict;  rights  of  bona  fide 
bondholders ;  recital  in  bonds ;  determination  of  board  of  supervisors. 
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IV. 

OUTUNE  OF  CALIFORNIA  IRRIGATION  DISTRICT  ACT  OF 

1897  AS  AMENDED  TO  1916. 

(For  substance  of  supplemental  acts  and  constitutional  amendments,  see  discus- 
sion in  main  text  on  "Irrigation  District  Legislation  Since  the  Act  of  1897,"  p.  47.) 

ORGANIZATION. 

Section  1.  A  majority  in  number  of  holders  of  title  or 
Who  may  sign  evidence  of  title,  including  holders  of  possessory  rights,  to 

organization  petition.      lands  susceptible  of  irrigation  from  a  common  source  and 

by  the  same  system  of  works,  representing  majority  in 
value  of  said  lands,  may  propose  the  organization  of  an  irrigation  district.  Such 
lands  need  not  consist  of  contiguous  parcels.  Owners  of  undivided  interests  may  sign 
for  such  interest  and  each  such  owner  shall  be  considered  as  one  assessment  payer. 
Guardians,  executors,  administrators,  or  other  persons  holding  property  in  a  trust 
capacity  under  appointment  of  court  may  sign  any  petition  provided  for  in  the  act, 
when  authorized  to  do  so  by  order  of  court. 

Sec»  2.  Petition  to  be  filed  with  sui>er\'isors  and  to  set 
Hearing  on  petition;  forth  generally  proi)osed  boundaries  and  proposed  water 
report  by  State  source  or  sources.     Must  be  accompanied  by  undertaking, 

Engineer.  to  be  approved  by  supervisors,  in  double  amount  of  prob- 

able cost  of  organizing  and  be  presented  at  regular  meeting, 
and  also  be  published  in  some  newspaper  of  general  circulation  printed  and  published 
in  county  where  presented,  together  with  notice  stating  time  of  meeting  at  which 
petition  is  to  be  considered.  On  or  before  day  petition  is  presented  to  supervisors, 
copy  thereof  to  be  filed  with  State  Engineer.  Sui)ervisors  to  determine  sufficiency 
and  regularity  of  petition  within  two  weeks.  If  necessary  le^al  requirements  not 
complied  with  in  petition,  matter  to  be  dismissed  without  prejudice.  If  su])ervisors 
determine  that  all  requirements  have  been  complied  with  in  petition,  copy  of  resolu- 
tion so  declaring  to  be  forwarded  to  State  Engineer,  and  further  hearing  postponed 
not  exceeding  one  month  in  all.  I'pon  receiving  copy  of  resolution  State  Engineer 
to  make  such  investigation  as  may  be  practicable,  with  view  to  determining  whether 
any  condition  or  conditions  exist  that  would  justify  him  in  reporting  against  organi- 
zation. State  Engineer  to  report  in  writing  within  one  month.  If  he  reports  that 
proposed  project  is  not  feasible,  hearing  of  petition  by  supenisore  shadl  again  be 
continued,  not  exceeding  one  month,  and  petition  shall  then  be  dismissed,  unless 
snper^'isors  be  requested  in  writing  by  three-fourths  of  holders  of  title  or  evidence  of 
title  to  grant  it ;  provided,  that  sui)ervisors  may  modify  proposed  plans  in  accordance 
with  recommendations  of  State  Engineer.  Failure  of  State  Engineer  to  reiwrt, 
however,  shall  not  invalidate  organization  of  any  district.  On  final  hearing  sui)er- 
visors  shall  make  any  changes  in  i^roposed  boundaries  that  are  deemed  advisable, 
but  shall  not  exclude  any  land  susceptible  of  irrigation  from  any  of  the  sources 
pToi>osed,  nor  include  any  lands  which  will  not  be  benefited  by  irrigation  from  the 
proposed  system  of  works.  Any  person  whose  lands  are  susceptible  of  irrigation 
from  proposed  sources  may.  in  discretion  of  supervisors.  ])e  included. 

Skc.  3.  I'pon  final  hearing  supervisors  reaffirm  con- 
Final  hearing  by  elusions  as  to  sufficiency  of  petiticm.  Only  new  evidence 
•upervieors.                        against  sufficiency  to  be  heard. 

Skc.  4.  Finding  in  favor  of  sufficiency  final  against  all 
except  state  of  California,  and  suit  by  state  must  be  brought  within  one  year. 

Skc.  5.  At  final  hearing  supervisors  divide  district  into 
Divisions  and  repre-  three  or  five  divisions,  as  detennined  by  petition.  One 
•entation  for  directors,    director  to  represent  each  division  and  reside  therein,  but 

may  Imj  elected  by  divisions  or  at  large,  as  provided  in 
petition. 
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Sec.  6.  Notice  of  election  on  organization  given  by 
Election  on  supervisors  and  published  three  weeks.     Supervisors  also 

organization.  establish  election  precincts.     Mection  to  be  conducted   aa 

nearly  as  practicable  in  accordance  with  general  electicm 
laws.' 

Sec.  7.  At  organization  election  there  shall  be  elected 
Officers  to  be  elected,      directors,  assessor,  tax  collector,  and  treasurer.     If  petition 

so  requests  certain  offices  may  be  consolidated. 
Sec.  8.     No   person   shall   be   entitled  to  TOte  at   any 
Qualifications  election  held  under  the  provisions  of  this  act  who  does 

of  electors.  not  possess  all   of  the  qualifications  required  of  electoiB 

under  the  general  election  laws  of  the  state. 

Sec.  9.  Supervisors  canvass  vote  on  second  Monday 
Canvass  of  vote;  succeeding  organization  election.    Two-thirds  yote  required 

filing  order;  contests,      to    carry    organization.     Candidates    for    offices    receiving 

highest  number  of  votes  are  elected. 
Sec.  10.    Supervisors  file  order  on  organization  and  election  officers,  after  whidi 
organization  complete.    Thereafter,  no  lands  embraced  in  district  can  be  included  in 
another  district  without  consent  of  directors. 

Sec.  11.     Organization  election  may  be  contested  in  superior  court  within  twenty 
days  after  canvass  of  vote.    Appeal  may  be  taken  within  thirty  days  from  judgment 
and  must  be  decided  by  supreme  court  within  sixty  days. 
Sec.  12.     Officers  elected  immediately  enter  on  duties. 

Sec.  13.  On  first  Tuesday  after  election  directora 
Organization  classify  themselves  by  lot  and  two  or  three  (depending  <hi 

of  directors.  whether  three  or  five  elected)   serve  until  next,  and  the 

others  until  the  second,  general  February  election.  Blect 
president  from  their  number  and  appoint  secretary,  each  to  serve  during  pleasure  of 
directors.     Directors  fix  salary  and  bond  of  secretary. 

MANAGEMENT. 

Sec.  14.  Directors  to  hold  regular  monthly  meetings  at 
Meetings  of  directors;  their  office  at  time  fixed  by  resolution.  Time  can  ilot  be 
financial  statement.  changed  for  twelve  months  and  then  only  two  months  after 

resolution  ordering  change  and  after  publication  of  notice. 
Directors  may  hold  special  meetings.  All  meetings  of  directors  and  all  records  open 
to  public.  Majority  of  directors  constitute  quorum.  At  regular  meeting  in  January 
of  each  year  directors  shall  render  and  thereafter  publish  verified  financial  statement. 
Whenever  act  specifies  first  Tuesday  in  month  for  transaction  of  any  business,  re^^- 
lar  monthly  meeting  may  be  substituted ;  and  when  regular  monthly  meeting  is  other 
than  first  Tuesday,  new  boards  of  directors  shall  organize  at  first  regular  meeting  in 
March. 

Sec.  15.  Directors  manage  business  affairs  of  district. 
Powers  of  officers;  make  necessary  contracts,  employ  agents,  officers,  and  em- 

limitations  on  in-  ployees,  and   prescribe   their  duties.     Directors  and  their 

debtedness;  by-laws;  employees  may  enter  any  land  and  make  surveys;  acqoire 
rules  and  regulations,      by  purchase,  lease,  or  condemnation  necessary  rights  and 

properties  including  canals  and  works  constructed  and 
being  constructed,  and  stock  of  other  corporations  owning  water  properties;  but  no 
purchase  in  excess  of  ten  thousand  dollars  can  be  made  without  prior  petition  by 
majority  of  owners  representing  majority  in  value  of  lands  in  district.  Director* 
may  also  construct  necessary  works  and  perform  any  necessary  lawful  act  that 
sufficient  water  may  be  furnished,  take  conveyances  or  contracts  for  property 
acquired,  institute  and  maintain  necessary  actions,  sue  and  be  sued.  Directors  shall 
establish  and  print  by-laws  and  rules  and  regulations.  Shall  have  power  generally 
to  perform  all  necessary  acts. 
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Sec.  15^.  Directors  may  change  boundaries  of  divisions 
Change  of  boundaries  and  electi(m  precincts,  but  not  less  than  sixty  days  prior 
of  divisions  and  pre-  to  an  election.  May  also  lease  works  of  district,  or  any 
cincts;  lease  of  works,    part  thereof ,   but  only   after  prior  publication  for  three 

weeks  of  intention  to  lease,  and  only  to  highest  bidder, 
from  whom  bond  shall  be  required. 

Sec.  16.  Suits  for  condemnation  to  be  brought  under 
Condemnation.  title  seven,  part  three.  Code  of  Civil  Procedure. 

USE  OF  WATER. 

Sbc.  17.  Use  of  water  for  irrigation  of  lands  within 
Public  use.  any  district  and  for  domestic  and  other  incidental  bene- 

ficial uses  within  district,  and  rights  of  way  necessary 
declared  a  public  use  subject  to  regulation  and  control  of  state. 

Sec.  18.  All  waters  distributed  for  irrigation  purposes 
Prorating  of  water.         to  be  prorated  to  landowners  on  basis  of  assessments  for 

district  purposes ;  and  any  landowner  may  assign  whole  or 
portion  of  his  apportionment. 

GENERAL  ELECTIONS. 

Sbc.  19.  General  elections  to  be  held  on  first  Wednes- 
Time;  officers  to  be  day  in  February  each  second  year  after  1899,  and  assessor, 
elected;  bonds;  collector,  treasurer,  and  directors  elected.    Assessor,  col- 

special  elections  when     lector,  and  treasurer  to  hold  office  for  two  years.    Assessor 
default  in  general  to  execute  bond  for  five  thousand  dollars,  collector  for  not 

election;    organization     more   than   twenty    thousand   or  less   than   five   thousand 
of  bofcrd;  term  dollars,  treasurer  for  not  more  than  fifty  thousand  or  less 

of  ofHce.  than  ten  thousand  dollars,  and  directors  for  five  thousand 

dollars  each.  Where  district  appointed  fiscal  agent  of 
United  States  additional  bonds  may  be  required  by  secretary  of  interior.  If  general 
election  not  held  as  provided,  special  election  shall  be  called  on  petition  of  ten  per 
cent  of  resident  electors. 

Sec.  20.  Directors  organize  on  first  Tuesday  in  March  following  election.  Term 
of  office  of  directors  is  four  years. 

Sec.  21.  Notice  of  general  election  to  be  posted  fifteen 
Notice  and  conduct  days  prior  to  election.     Directors  to  appoint  election  officers. 

of  general  elections;  Sec.  22.     Inspector  is  chairman  of  election  board  and 

nominations;  may  administer  oaths,  etc.     Polls  open  8  a.m.  to  4  p.m. 

vacancies;  qualifi-  Sec.  22a.    Ballots  to  be  provided  by  directors;  form  of 

cations  of  directors;         ballot;  voting. 

consolidation  of  Sec.  225.     Not  less  than  ten  days  before  an  election  ten 

ofRces;  number  of  or  more  electors  may  make  nominations  by  petition, 

directors  and  repre-  Sec.  23.     Voting    conducted    as    nearly    as    practicable 

•entation;  recall.  according  to  general   election   laws;   counting  of  ballots; 

returns  of  election ;  recount. 

Seo.  24.  Directors  publicly  canvass  election  returns  first  Monday  after  election 
and  declare  result. 

Ssc.  25.  Secretary  records  election  returns,  directors  declare  result,  and  secre- 
tary issues  election  certificates.  In  case  of  vacancy  in  office  of  assessor,  collector,  or 
treasurer,  directors  appoint,  and  if  directors  fail  to  fill  vacancy  within  forty  days, 
supervisors  shall.  In  case  of  vacancy  in  board  of  directors,  supervisors  appoint. 
All  officers  appointed  to  fill  vacancies  serve  until  next  regular  election. 

Sec.  26.    A  director  shall  be  a  resident  and  a  freeholder  of  the  district. 

Sbc.  27.  Directors  may  consolidate  or  segregate  offices  of  assessor,  collector,  and 
treasurer,  provided  consolidation  or  segregation  is  made  thirty  days  prior  to  general 
election. 
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Sec.  28.  On  petition  by  a  majority  of  owners,  directors  may  order  that  at 
ensuing  election  either  three  or  five  directors  shall  be  elected,  and  that  they  shall  be 
elected  by  divisions  or  at  large,  but  directors  elected  at  large  must  nevertheless  rep- 
resent separate  divisions  and  reside  therein. 

Sec.  2SA.  Any  elective  officer  can  be  recalled  at  any  time,  recall  petition  to  be 
signed  by  twenty-five  per  cent  of  highest  vote  cast  for  candidates  at  last  general  dis- 
trict election,  and  if  elected  by  division,  by  twenty-five  per  cent  therein.  If  petition 
sufficient,  election  called  for  between  thirty-five  and  forty  days  later,  or  at  general 
election  if  one  to  occur  within  between  thirty-five  and  sixty  days.  Nominations  of 
candidates  for  recall  elections  to  be  made  as  other  nominations.  Vote  for  candidate 
not  counted  unless  voter  voted  on  recall.  Majority  vote  determines  result.  Pro- 
cedure identical  with  that  in  regular  election.  If  recall  unsuccessful  no  further 
petition  allowed  within  six  months. 

TITLE  TO  AND  SALE  OF  PROPERTY. 

SecJ.  29.  Title  to  all  property  acquired  by  district  shall  vest  in  district  and  be 
held  in  trust  for  it  and  is  dedicated  to  the  uses  and  purposes  set  forth  in  the  act. 
Directors  authorized  to  hold,  use,  acquire,  manage,  occupy,  and  possess  such  property, 
and  may  sell  property  no  longer  necessary. 

ISSUANCE  OF  BONDS. 

Sec.  30.  Directors  estimate  and  determine  amount  of 
Estimate  by  direc-  money  necessary  to  be  raised  and  for  that  purpose  shall 

tors;  report  by  State  make  all  needed  surveys  and  plans  under  direction  of  corn- 
Engineer;  vote;  petent  irrigation  engineer.  Copy  of  engineers  report  to 
form  and  term  of  -  be  sent  to  State  Engineer,  who  shall  examine  and  make 
bonds;  interest  rate;  further  examinations  necessary  and  report  to  directors 
sale  of  bonds;  price.        within  ninety  days,  giving  his  conclusions  as  to  the  supply 

of  water  available  and  the  feasibility  of  the  project 
Directors  then,  when  petitioned  by  majority  of  owners,  representing  majority  in 
value  of  lands,  shall  call  election  on  bond  issue.  Notice  of  election  must  be  given 
for  twenty  days.  Election  to  be  held  as  nearly  as  practicable  in  conformity  with 
provisions  governing  election  of  officers.  Alternative  questions  as  to  issuance  of 
bonds  may  be  submitted  separately  on  same  ballot.  Majority  vote  required  to  carry 
bonds. 

Sec.  31.  Bonds  payable  in  twenty  series — two  per  cent  at  end  of  twenty-one 
years  and  twenty-two  years ;  three  per  cent  at  end  of  twenty-three  years  and  twenty- 
four  years ;  four  per  cent  at  the  end  of  twenty-five  years,  twenty-six  years,  twenty- 
seven  years,  and  twenty-eight  years ;  five  per  cent  at  the  end  of  twenty-nine  years, 
thirty  years,  thirtj^-one  years,  and  thirty-two  years :  six  per  cent  at  the  end  of  thirty- 
three  years,  thirty-four  years,  thirty-five  years,  and  thirty-six  years ;  seven  per  cent 
at  the  end  of  thirty -seven  years  and  thirty-eight  years;  eight  per  cent  at  the  end  of 
thirty-nine  years  and  forty  years ;  provided  that  if  so  specified  in  petition,  bonds  may 
be  in  less  than  twenty  series  and  be  payable  at  end  of  shorter  periods.  Bonds  bear 
interest  at  not  to  exceed  six  per  cent,  payable  January  1  and  July  1.  Denomination 
not  less  than  one  hundred  nor  more  than  one  thousand  dollars,  and  bonds  are 
negotiable. 

Sec.  32.  Directors  may  sell  bonds  as  necessary  but  only  after  resolution  and 
advertisement,  and  must  go  to  highest  bidder,  or  any  or  all  bid«  may  be  rejected. 

Sec.  32^.  Bonds  authorized  before  amendment  of  1913  removing  par  limit  but 
not  sold  may  be  sold  for  less  than  par  if  approved  at  special  election  by  two-thirds 

vote. 

Sec.  33.  Bonds  and  interest  thereon  to  be  paid  from 
Payment  of  bonds.  annual  assessments  on  real  property  of  district,  and  all 

such  real  property  liable  to  assessment  for  such  purpose. 
{Sec  exemption  of  improvements,  section  35.) 
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Sec.  34.  If  money  raised  from  bond  sales  be  insuffi- 
Special  assessment  cient   for   completing    works,   and   more   bonds   not   voted, 

to  complete  works  directors  shall  levy  assessment  for  such  purpose  if  approved 

if  funds  insufficient.         by  majority  vote  at  a  special  election. 

ASSESSMENTS. 

Sec.  35.  Assessment  of  all  real  estate  in  district  to 
Duties  of  assessors;  be  made  between  first  Monday  in  March  and  first  Monday 
deputy  assessors;  in    June    at    full    cash    value,    except    that    improvements, 

equalization;  levy  including  trees,  vines,  alfalfa,  and  all  growing  crops  and 

and  collection;   lien.         all  buildings  and  structures  erected  or  being  erected,  are 

exempted.  In  districts  organized  prior  to  amendment 
exempting  improvements,  improvements  may  be  exempted  at  special  election  by  vote 
of  majority  of  resident  owners  of  land  subject  to  taxation  therein. 

Sec.  36.  Assessor  shall  be  allowed  necessary  deputy  assessors  at  not  to  exceed 
five  dollars  per  day. 

Secs.  37  and  38.  Assessor  must  deliver  completed  assessment  book  to  secretary  on 
or  before  first  Monday  in  August,  who  shall  give  notice  of  equalization,  to  be  made 
within  between  twenty  and  thirty  days.  Equalization  shall  be  made  by  directors 
during  session  of  not  to  exceed  ten  days,  and  within  ten  days  thereafter  secretary 
must  have  roll  corrected  and  totaled. 

Sec.  30.  Within  fifteen  days  after  equalization  director's  shall  levy  assessment 
to  cover  interest  and  principal  due  on  bonds,  rentals  or  charges  due  or  to  come  due 
daring  year  on  leases  or  contracts,  and  amount  due  on  any  obligation  reduced  to 
judgment.  If  directors  fail  to  make  assessments  and  levies,  county  assessment  shall 
be  used  and  supervisors  shall  make  levy  at  expense  of  district.  On  failure  of  district 
collector  or  treasurer  to  act,  county  tax  collector  and  assessor  shall  do  so.  Is  duty 
of  district  attorney  to  ascertain  each  year  whether  necessary  assessments  have  been 
levied  and  collected,  and  if  there  has  been  neglect  or  refusal  by  district  oflScers,  dis- 
trict attorney  shall  notify  county  officers  authorized  to  act  and  upon  their  failure  to 
act  within  thirty  days  shall  take  appropriate  action  in  court  to  compel  i^erformance. 
For  enforcement  of  levy  and  collection  of  assessment  levied  after  adoption  of  amend- 
ment so  providing,  and  to  pay  debt  incurred  after  adoption  of  such  amendment, 
attorney  general  of  state  shall  take  appropriate  action  on  failure  of  district  and 
county  officers  to  act.  All  powers  and  duties  respecting  collection  of  assessments 
provided  in  sections  3820,  3821,  3S22,  3823,  3824,  3825,  and  3820  of  the  Political 
Code,  as  regards  county  assessors,  shall  apply  as  far  as  applicable  to  irrigation 
district  assessors. 

Sec.  40.  Unpaid  assessments  become  a  lien  after  first  Monday  in  March  (see 
Stats.  1913,  chap.  274,  p.  415,  relating  to  collection  of  assessments  in  two  install- 
ments) and  lien  for  bonds  of  any  issue  shall  be  a  preferred  lien  to  that  for  any 
subsequent  issue. 

Sec.  41.  On  or  before  November  first  assessment  book 
Delinquencies;  delivered    to   collector    and    within    twenty   days    collector 

penalties;   publica-  must  give  notice  that  assessments  are  due  and  will  become 

tion  of  delinquent  delinquent  at  6  p.m.  on  last  Monday  in  December.     {See 

notice  sale.  Stats.   1013,   chap.   274,   p.   415,   relating  to  collection   of 

assessments  in  two  installments.)  Ten  per  cent  penalty 
added  if  not  paid  within  time  specified. 

Sec.  41a.  In  lieu  of  selling  property  on  delinquent  list  directors  may  direct  col- 
lector to  sue  delinquent  for  amount  due,  in  accordance  with  Code  of  Civil  Procedure. 

Sec.  42.  Collector  must  publish  delinquent  list  on  or  before  February  first,  and 
time  of  sale  specified  in  notice  must  be  not  less  than  twenty-one  nor  more  than 
twenty-eight  days  from  first  publication. 

8»c.  43.  In  addition  to  principal  and  ten  per  cent  penalty,  collector  must  collect 
fifty  cents  on  each  tract  separately  assessed  and  sale  must  be  completed  within 
three  weeks. 


144  IBBIGATION  INYESnOATIONS  JN  CAUFOBNIA. 

Sec.  44.  In  caae  there  is  no  pnrdiaser  in  good  £aith  for  property  offered  for  sale, 
whole  amoont  of  property  assessed  shall  be  stmdc  off  to  district. 

Sec.  45.  Collector  shall  issae  certificates  of  sale,  in  dnplicate,  one  copy  to  be 
given  to  purchaser  and  one  copy  to  be  filed  in  office  of  county  recorder. 

Sec.  46.  Secretary  must  enter  in  his  records  a  description  of  land  sold  and  on 
filing  of  certificate  with  county  recorder,  lien  of  assessments  Tests  with  purchaser 
and  is  only  divested  by  payment  of  purchase  price  and  two  per  cent  per  month  from 
date  of  sale  until  redemption. 

Sec.  47.    Redemption  may  be  made  by  owner  or  any 
Redemption  of  party  in  interest  within  five  years,  or  at  any  time  there- 

property  sold  for  after   before  deed    has   been   delivered.    County   recorder 

delinquent  assess-  must  file  certificates  of  sale.    If  property  not  redeemed 

ments;  effect  on  collector  must,  on  demand,  issue  deed,  subject  to  fee  of 

dissolution;  deed;  two  dollars. 

misnomer.  Sec.  47^.    Redemption  period  shall  not  bar  dissolution 

of  a  district,  and  in  any  district  that  has  been  dissolved 
or  is  in  process  of  dissolution,  if  land  has  been  sold  for  delinquent  taxes  and  redemp- 
tion period  has  not  expired,  owner  or  any  one  in  interest  may  redeem  it.  After 
dissolution,  deed  to  unredeemed  property  shall  be  issued  by  county  treasurer. 

Sec.  48.  Prescribes  form  of  deed.  When  duly  acknowledged  or  proved  deed  is, 
except  against  fraud,  conclusive  evidence  of  regularity  of  previous  proceedings,  and 
deed  conveys  absolute  title,  except  that  it  is  prima  facie  evidence  of  right  of  posses- 
sion in  case  of  lands  owned  by  United  States  or  state. 

Sec.  49.  Assessment  book  or  delinquent  list  or  copy  thereof  certified  by  collector, 
is  prima  facie  evidence  of  facts  and  compliance  with  law. 

Sec.  50.  When  land  is  sold  for  assessments  correctly  imi>09ed,  no  misnomer  or 
mistake  relating  to  ownership  affects  sale. 

Sec.  51.  Collector  to  settle  with  secretary  and  treasurer  on  first  Monday  of  each 
month,  and  within  six  days  deliver  to  secretary  statement  under  oath  as  to  trans- 
actions. 

PAYMENT  OF  BONDS  AND  INTEREST. 

Sec.  52.  Interest  coupons  paid  from  bond  fund  and  whenever  bond  fund  exceeds 
ten  thousand  dollars  over  amount  necessary  to  pay  interest  due,  district  nmy  after 
advertisement  purchase  from  lowest  bidders  bonds  not  yet  due  to  amount  of  said 
sum ;  but  no  bonds  to  be  redeemed  above  par.  If  no  bonds  offered  for  sale,  excess  hi 
bond  fund  to  be  invested  in  government  or  state  bonds. 

CONSTRUCTION  OF  WORKS. 

Sec.  53.    After  adoption  of  plans^   and  advertisement 
Letting  contract;  for  twenty  days,  directors  shall  let  work  to  lowest  respon- 

payment  of  claims  sible  bidder  or  bidders,  or  may  reject  any  or  all  bids  and 

and  care  of  funds;  readvertise,  or  may  construct  work  under  their  own  super- 

progress  reports  to  intendence.     Contracts    for    material    to    be    awarded    to 

State  Engineer.  lowest  responsible  bidder.     Successful  bidder  to  give  bond 

for  twenty-five  i>er  cent  of  contract  price. 

Sec.  54.  Claims  to  be  paid  only  on  warrants.  Sums  in  construction  fund  in 
excess  of  $25,000.00  may  be  deposited  with  county  treasurer,  who  shall  report 
receipts  and  disbursements  second  Monday  in  each  month.  District  treasurer  to 
report  first  Monday  in  each  month. 

Sec.  54^.  During  construction  of  work  paid  for  from  bonds,  secretary  to  forward 
to  State  Engineer  within  one  week  after  each  regular  meeting  of  board  copies  of. 
progress  reports  made  on  such  work ;  shall  also  forward  to  State  Engineer  copy  of 
annual  financial  statement  required  by  section  14,  together  with  general  report  on 
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condition  of  works  and  other  relevant  matters.  State  Engineer  to  make  such  recom- 
mendations and  comments  as  he  may  deem  proper;  he  may  also  make  further 
examinations,  call  for  further  information,  or  make  further  reports. 

Sbo.  55.  Costs  of  property  and  works  to  he  paid  out  of 
Payment  for  property  construction  fund,  except  that  amounts  due  in  yearly  in- 
or  works  or  rental;  stallments   under   lease   or  contracts  shall   be   paid   from 

tolls  and  charges;  annual  assessments  or  from  tolls  and  charges.    For  def ray- 

crossings;  rights  of  ing  expenses  of  organization,  care,  operation,  manage- 
way;  dedication  of  ment  and  repair  and  improvement  of  works  completed 
waters.                                and  in   use,   and   above  mentioned   installments,   directors 

may  in  lieu  (in  part  or  in  whole)  of  assessments,  fix 
rates  of  tolls  and  charges. 

Sec.  56.  Directors  shall  have  power  to  construct  works  across  any  stream,  street, 
railway,  canal,  etc. ;  and  every  company  whose  railroad  shall  be  so  crossed  shall  unite 
with  the  district  in  forming  crossings,  cost  thereof  to  be  determined  by  agreement,  or 
as  in  taking  of  land.  Rights  of  way  granted  over  state  lands,  and  all  water  rights 
within  district  belonging  to  state,  given,  dedicated,  and  set  apart  for  uses  of  district 

DIRECTORS  AND  OFFICERS. 

Sec.  57.  Directors  to  receive  four  dollars  per  day 
Salaries  and  mileage;  each,  and  ten  cents  per  mile  mileage,  and  necessary  ex- 
interest  in  contracts  penses  when  engaged  in  official  business  under  order  of 
and  penalties.  board;  except  that  in  districts  of  over  five  hundred  thou- 

sand acres,  directors  shall  receive  one  hundred  and  fifty 
dollars  per  month  each  in  lieu  of  per  diem.  Directors  shall  fix  compensation  of  all 
officers ;  except  that  on  petition  of  at  least  fifty  or  a  majority  of  freeholders,  directors 
shall  submit  schedule  of  salaries  and  fees  at  any  general  election.  Above  petition 
to  be  presented  between  twenty  and  forty  days  prior  to  election. 

Sue.  68.  No  director  or  officer  shall  be  interested  in  any  contract,  violation  con- 
stituting misdemeanor  and  resulting  in  forfeiture  of  office  and  liability  to  fine  or 
imprisonment,  or  both. 

SPECIAL  ASSESSMENTS. 

Sec.  59.  Directors  may  call  special  election  on  special 
Levy  by  special  assessment  to  be  used  for  any  of  the  purposes  of  the  act, 

election;  levy  without  election  to  be  held  in  conformity  with  section  30.  Two- 
election;  emergency  thirds  vote  necessary  to  carry.  If  carried  shall  be  added 
levies;  ascertainment  to  annual  levy.  Assessment  not  exceeding  two  per  cent  of 
of  rate.  value  of  assessable  property  may  be  levied  in  any  one  year 

without  vote  by  four-fifths  of  directoi-s,  total  amount  not 
to  exceed  $75,000.00;  provided,  that  if  petitioned  by  voters  equaling  in  number 
fifteen  per  cent  of  votes  cast  at  last  general  election  within  thirty  days,  special  elec- 
tion on  such  levy  shall  be  necessary ;  and  provided,  that  in  case  flow  in  canal  unex- 
pectedly interrupted,  foui^fifths  of  the  directors  may  levy  assessments  in  any  one 
year,  at  time  of  annual  levy,  not  exceeding  forty  thousand  dollars  for  repair  of 
works,  without  election. 

Sec.  60.  •  Rate  of  assessments  levied  under  act  to  be  ascertained  by  deducting 
fifteen  per  cent  for  delinquencies  and  dividing  sum  voted  by  remainder  of  aggregate 
assessed  value.  Special  assessments  shall  be  collected  in  same  time  and  manner 
as  other  assessments. 
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INCURRING  INDEBTEDNESS. 

Sec.  61.  Incurring  of  debt  limited  by  express  pro- 
Limitation;  indebted-  visions  of  act,  except  that  before  collection  of  first  asseas- 
ncts  before  first  ment,  directors  may  incur  indebtedness  up  to  two  thousand 

assessment  and  pay-  dollars,  or,  if  district  contains  more  than  "four  thousand 
ment  by  warrants;  acres,  to  one-half  as  many  dollars  as  there  are  acres  in 

interest  on  warrants.  district,  and  may  issue  warrants  therefor,  bearing  interest 
Special  provisions  at  not  more  than  seven  per  cent,   and  in  no  case  exceeding 

for  districts  of  over  fifty  thousand  dollars.     Warrants  to  be  payable  not  later 

500,000  acres.  than  the  first  day  of  January  after  levying  of  first  assess- 

ment. 

Sec.  61a.  Any  warrant  of  district  payable  on  demand,  and  presented  for  pay- 
ment when  no  funds  are  available  therefor,  shall  draw  interest  at  not  to  exceed  seven 
per  cent,  until  public  notice  given  that  funds  are  ayailable.  After  public  notice 
interest  on  warrants  shall  cease. 

Sec.  61b.  Directors  of  districts  of  over  500,000  acres  may  acquire  system  supply- 
ing lands  thereon,  and  where  part  of  system  lies  outside  of  state,  may  exchange  bonds 
for  all  or  portion  of  system,  or  for  interest  in  or  stock  of  corporation  owning  all  or 
part  of  system. 

Sec.  61c.  Where  directors  have  exchanged  or  agreed  to  exchange  bonds  for  prop- 
erty rights  in  system,  as  in  section  616,  court  shall  decree  validity  of  bonds  issued 
or  to  be  issued. 

APPORTIONMENT  OF  WATER 

Sec.  62.     (ieneral   provision   regarding  water  commissioners. 

Sfx\  (hi.  Diro(  tors  shall  keep  water  in  ditches  to  full  capacity  in  times  of  high 
water. 

Sec.  64.  Navigation  and  mining  not  to  be  impaired  or  affected  by  act,  except 
that  rights  of  way  may  be  acquired  over  property  used  in  mining. 

Sec.  65.  General  provision  disclaiming  authorization  of  any  diversion  except 
with  previous  compensation  in  accordance  with  the  law. 

EXEMPTION  FROM  TAXATION. 

Sec.  66.  Rights  of  way,  ditches,  reservoirs,  etc.,  and  other  property  of  like 
character  belonging  to  any  irrigation  district,  not  to  be  taxed  for  state,  county,  or 
municipal  purposes. 

FUNDS. 

SKf.  67.     Creates  bond  fund,  construction  fund,  and  general  fund. 

CONFIRMATION  PROCEEDINGS. 

Sec.  68.  After  issue  of .  any  bonds  or  levy  of  any 
Proceedings  by  assessment  directors  may  bring  action  in  superior  court  to 

directors;  proceedings  determine  validity.  Action  shall  be  in  nature  of  proceeding 
by  assessment  payer;  in  rem  and  jurisdiction  of  parties  interested  may  be  had  by 
consolidation  of  publication  of  summons.     Validity  may  be  contested  by  any 

actions;  disregard  of  party  interested  within  ten  days,  with  right  of  appeal  to 
error;  contests.  supreme  court   within   thirty  days,   which  must  be  deter- 

mined within  three  months. 

Sec.  69.  If  no  proceedings  brought  by  directors,  any  assessment  payer  may  briof 
such  action  within  thirty  days  after  assessment  or  bond  issue,  directors  being  made 
defendant. 

Sec.  70.     Similar  contests  shall  be  consolidated. 

Sec.  71.  Court  must  disregard  any  error,  irregularity,  or  omission  which  does 
not  affect  substantial  rights  of  parties  to  action. 
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Sec.  72.  Contests  shall  only  be  made  within  time  and  in  manner  specified  in 
act,  and  in  any  such  action,  all  findings  of  fact  or  conclusions  of  directors,  or  of 
supervisors,  shall  be  conclusive,  unless  such  action  ^as  instituted  within  six  months 
after  such  finding  or  conclusion  was  made. 

VIOLATION  OF  DUTY  AND  PENALTY. 

Sec.  73.  Violation  of  any  express  duty  on  part  of  any  officer  named  in  act  shall 
render  such  officer  liable  on  his  official  bond,  and  to  removal  from  office  by  proceed- 
ings in  superior  court  brought  by  any  assessment  payer. 

EXCLUSION  OF  LANDS. 

Covered  by  sections  74  to  84,  inclusive.  Land  may  be  excluded  in  discretion  of 
directors  on  petition  of  owner ;  provided,  that  upon  petition  it  shall  be  duty  of  direc- 
tors to  exclude  lands  which  are  not  susceptible  to  irrigation  from  a  common  source  or 
by  the  same  system  of  works  with  other  lands  of  district,  or  from  source  or  system 
chosen  or  adopted,  or  which  are  already  irrigated,  or  entitled  to  be  irrigated,  from 
another  source  or  by  other  works ;  except  that  no  land  irrigated  by  means  of  water 
pumped  from  an  underground  source  shall  be  entitled  to  exclusion  on  account  of 
being  so  irrigated  if  such  land  is  or  will  be  substantially  benefited  by  subirrigation 
from  works  of  district  or  by  drainage  works  provided  by  district,  but  no  owner  of 
land  so  irrigated  when  district  was  organized  and  which  has  been  so  irrigated  con- 
tinuously each  year  exclusively  by  such  means,  shall  be  liable  to  assessment,  except 
for  interest  and  principal  on  district  bonds.  Holders  of  outstanding  bonds  are  pro- 
tected, by  retaining  lien  against  excluded  lands  for  both  bonds  and  interest,  except 
where  written  assent  of  such  bondholders  to  exclusion  has  been  filerl  with  district. 

INCLUSION  OF  LANDS. 

Covered  by  sections  85  to  97,  inclusive.  Owners  of  one-half  or  more  of  any  con- 
tiguous tract  adjacent  to  a  district  may  petition  for  inclusion  in  said  district.  Direc- 
tors may  deny  petition  after  hearing  or  may  grant  petition  if  no  objection  is  offered 
by  any  person  interested  in  district  or  proposed  change,  or  if  objections  offered  are 
withdrawn.  If  objections  to  inclusion  are  made  and  not  withdrawn  and  directors 
still  believe  it  for  best  interests  of  district  that  lands  be  included,  matter  shall  be 
determined  by  majority  vote  at  special  election  in  district.  Directors  may  require, 
as  condition  precedent  to  inclusion,  that  i)etitioners  shall  pay  such  sums  as  they 
would  have  been  required  to  pay  had  such  lands  been  included  at  the  time  of  organi- 
zation. Adjacent  public  lands  of  United  States  may  be  included  without  petition. 
If  directors  find  unconditional  inclusion  would  injure  land  already  in  district  by 
impairment  of  water  right,  or  greater  expense  of  water  for  additional  lauds,  they 
may  prescribe  conditions  for  inclusion,  by  providing  for  priority  of  water  right  or 
additional  annual  payment  or  other  just  conditions. 

REDUCTION  OF  BONDED  INDEBTEDNESS. 

Covered  by  sections  98  to  99^,  inclusive.  Where  no  bonds  are  outstanding, 
authorized  bonded  indebtedness  may  be  reduced  if  carried  by  majority  vote  at  special 
election  called  by  directors.  If  there  be  bonds  outstanding,  bonded  indebtedness  may 
be  reduced  with  the  assent  of  outstanding  bondholders.  Reduction  of  bonded  in- 
debtedness shall  in  no  manner  affect  any  order  of  the  rourt  confirming  validity  of 
bonds. 

LEASE  OF  WATER  FOR  MECHANICAL  PURPOSES. 

Covered  by  sections  100  to  105,  inclusive.  If  no  increased  expenditure  is  involved, 
directors  may  lease  water  owned  by  it  for  mechanical  puri)oses,  not  inconsistent  with 
the  provisions  of  the  act.  Notice  of  intended  lease  must  be  published  for  twenty 
days,  sealed  proposals  received,  and  lease  let  to  highest  responsible  bidder,  or  bids 
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may  be  rejected.  Rental  on  such  lease  shall  be  payable  on  thirtieth  of  December 
and  thirtieth  of  June  of  each  year.  Lease  may  extend  not  exceeding  twenty-five 
years.  If  rental  not  paid  as  due,  amount  may  be  doubled,  and  if  not  paid  within 
ninety  days  thereafter,  lease  shall  be  forfeited  to  district,  together  with  the  works 
owned  or  controlled  by  lessee.  Board  may  require  lessee  to  execute  bond  or  ^ive 
other  evidence  of  good  faith. 

DESTRUCTION  OF  UNSOLD  BONDS. 

Covered  by  sections  106  to  106,  inclusive.  Bonds  remaining  unsold  after  com- 
pletion of  system  and  payment  of  all  demands  may  be  destroyed  on  approval  by  two- 
thirds  vote  at  special  or  general  election  called  by  directors. 

SAVING  CLAUSES. 

Sections  109  and  110.  Make  districts  organized  prior  to  act  subject  to  its  pro- 
visions, so  far  as  applicable,  repeals  original  district  act  of  1887,  etc. 
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INVESTIGATIONS  OF  THE  ECONOMICAL  DUTY  OF  WATER 

FOR  ALFALFA  IN  SACRAMENTO  VALLEY. 

CALIFORNIA,  1910-1915. 

By  Fbank  Adams,  Ralph  D.  Robkbtson,  Samuel  H.  Beckett, 
Wells  A.  Hutchins  and  O.  W.  Isbaelsen, 

Cooperative  Irrigation  Investigations  in  California. 

INTRODUCTION. 

As  a  part  of  the  cooperative  irrigation  investigations  in  California 
conducted  under  agreement  between  the  OflSce  of  Public  Roads  and 
Rural  Engineering,^  the  State  Department  of  Engineering  of  California, 
and  the  California  Agricultural  Experiment  Station,  a  series  of  experi- 
ments was  begun  in  1910  at  the  University  Farm,  at  Davis,  California, 
which  sought  to  determine  the  most  economical  duty  of  water  for 
alfalfa  in  Sacramento  Valley.  At  the  end  of  the  third  year  of  these 
experiments  it  was  decided  to  supplement  them  by  investigations  on  a 
large  number  of  representative  alfalfa  farms  in  Sacramento  Valley,  in 
order  to  test  the  applicability  of  the  results  obtained  at  Davis  to  the 
varying  soil  and  rainfall  conditions  in  other  parts  of  the  valley.  These 
latter  studies  were  carried  through  the  seasons  of  1913  and  1914  and 
were  in  turn  supplemented  during  the  season  of  1915  by  studies  on  a 
temporary  experimental  plat  about  five  miles  northeast  of  Willows.  In 
the  meantime  the  experiments  begun  at*  Davis  in  1910  were  continued 
through  a  six-year  period,  ending  with  the  close  of  the  season  of  1915. 
It  is  the  purpose  of  this  report  to  present  the  results  of  the  entire 
investigation. 

Bearing  of  the  Investigation. 

It  is  now  well  recognized,  regardless  of  the  crop  irrigated,  that  a 
proper  knowledge  of  the  duty  of  water  is  of  importance  to  both  irri- 
gators and  the  public,  and  especially  is  this  the  case  in  newly  developing 
irrigated  sections  such  as  Sacramento  Valley.  In  this  large  area  where 
dry  grain  farming  has  prevailed  so  long,  and  where  field  crops  and  live 
stock  admittedly  are  the  basis  of  the  most  suitable  agriculture  for  the 
area  as  a  whole,  a  proper  understanding  of  the  amount  of  irrigation 
water  that  should  be  applied  to  alfalfa  is  of  prime  necessity.  The  irri- 
gator must  have  this  information  that  he  may  make  the  necessary 
arrangement  for  an  adequate  water  supply,  that  he  may  avoid  injury 
of  his  soil  through  the  application  of  too  much  water,  and  that  he  may 
adjust  to  his  land  the  amount  available  to  him,  so  as  to  obtain  the 
largest  possible  returns  per  acre-foot  of  water  applied.     Further,  he 

'Prior  to  July  1,  1915,  between  the  Office  of  Experiment  Stations  and  the  California 
agencies  named. 
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must  have  an  understanding  of  the  underground  movement  of  irriga- 
tion water  after  it  is  applied,  that  he  maj  be  sure,  on  the  one  hand, 
that  excessive  losses  are  not  occurring  through  too  deep  percolation, 
and,  on  the  other  hand,  that  the  irrigation  water  is  penetrating  the  soil 
sufficiently  deeply  to  give  proper  nourishment  to  the  feeding  roots  of 
the  plants.  Especially  must  the  farmer  have  information  as  to  what 
becomes  of  the  irrigation  water  after  it  leaves  the  surface  where  there 
is  such  a  large  percentage  of  ''hard"  soil  as  in  Sacramento  Valley- 
soil  into  which,  in  its  present  poor  physical  condition,  it  is  extremely 
difficult  to  make  irrigation  water  reach  even  12  to  24  inches  below  the 
surface. 

EXPERIMENTS  AT  THE  TTNIVEBSITT  FABM  AT  DAVIS. 

During  1910  and  1911,  a  tract  of  8.19  acres  was  utilized  in  the  experi- 
ments at  Davis,  the  land  being  in  square  and  contour  checks  0.20  to  1 
acre  in  area  and  averaging  0.28  acre.  The  soil  of  these  plats  is  classi- 
fied by  the  Bureau  of  Soils  and  the  University  of  California  as  Yolo 
loam.^  Prom  1912  to  1915,  inclusive,  3.48  acres  were  utilized,  divided 
into  15  square  checks,  averaging  0.23  acre  each.  The  schedule  of  irri- 
gation followed  during  the  first  two  years  included,  in  addition  to  check 
plats  receiving  no  irrigation,  total  applications  of  12,  24,  36,  and  48 
inches  in  depth.  This  same  schedule  was  continued  throughout  the 
series  of  experiments,  except  that  beginning  in  1912  additional  checks 
were  provided  that  received  depths  of  18  inches  and  60  inches,  respec- 
tively, per  year.  The  checks  that  received  depths  of  12,  18,  and  24 
inches  were  subjected  to  single  applications  at  the  rate  of  six  .acre- 
inches  per  acre.  With  total  depths  of  30,  36,  48,  and  60  inches, 
individual  applications  were  of  7.5  inches,  9  inches,  12  inches,  and  15 
inches,  respectively.  In  1910,  1912,  and  1913,  following  winters  of  low 
rainfall,  the  first  irrigations  of  the  season  were  given  immediately  after 
the  first  cutting,  but  in  1911,  1914,  and  1915,  after  relatively  wet 
winters,  irrigation  began  after  the  second  cutting.  Water  was  applied 
to  the  plats  at  Davis  from  a  pumping  plant  on  the  tract  which  delivers 
approximately  0.9  cubic  foot  per  second,  and  throughout  the  series  of 
experiments  the  practice  was  to  irrigate  just  as  soon  as  possible  after 
removing  the  crop  from  the  field.  In  most  cases  the  water  was  dis- 
tributed in  slip-joint  pipe  because  it  was  not  possible  otherwise  to 
obtain  even  distribution  with  the  small  irrigation  head  available.  In 
every  case,  yields  were  weighed  at  the  time  of  removal  from  the  fields. 

In  the  time  of  cutting,  raking,  shocking,  and  hauling  the  hay,  stand- 
ard field  pra(*tices  always  were  observed.  That  is  to  say,  the  alfalfa 
usually  was  (Mit  when  one-tenth  to  one-third  was  in  bloom  and  the  hay 


'United  states  Department  of  Agriculture,   Bureau  of  Soils.  Reconnolasance  Soil 
Survey  of  the  Sacramento  Valley,  California. 
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generally  was  raked  the  same  day,  shocked  the  following  day,  and 
hauled  as  soon  as  it  was  dry  enough  to  be  stacked  without  heating, 
never  being  left  until  the  leaves  were  dry  enough  to  fall  off  when 
handled.  The  curing  and  removal  of  the  hay  from  the  field  required 
from  five  to  seven  days.  As  soon  as  possible  after  the  crop  had  been 
hauled  from  the  field,  irrigation  water  was  applied. 

The  following  table  summarizes  the  results  of  the  duty  of  water 
studies  over  the  six-year  period : 

TABLE   No.   1. 


Summary  of  Alfalfa    Duty  of  Water  Investigations  at   Davis,  1910-1915. 


Number  of 
Irrlgstioitt 


Safe 

III 


IP' 


Yield,  tons  per  acre 


ST 

m 
I        J? 

1 
f 

1               «-l 

None — - 

Two 

6 

12 

Three 

e 

18 

Four 

« 

24 

Four   

71 

80 

Foot    

9 

86 

Pour 

12 

48 

Four 

15 

eo 

1910 


8.85 
4.78 

eioo" 

7.68 
7.58 
8.45 


1911       1912 


1913    '   1914 


6.94 
7.52 

9.54 
9.38 
9.52 


5.52 

e.5i 

7.02 
8.32 
9.48 
9.38 
8.63 
10.17 


2.75 
4.81 
5.09 
6.89 
7.97 
8.22 
8.83 
7.26 


2.89 

5.88 

8.02 

9.96 

11.00 

12.48 

ia.62 

10.70 


1915 


2.85 
4.84 
0.46 
7.96 
8.82 
8.68 
8.06 
6.66 


Ater- 


o  '^ 

a 


'8* 


I 


,     8.88 

927  16 

98  78 

6.68 

89  41 

15  87 

6.80 

47  60 

19  85 

7.92 

66  44 

28  22 

8.98 

62  86 

26  45 

9.27 

64  89 

27  96 

9.02 

6S14 

29  10 

8w42 

68  94 

29  44 

$18  48 
24  04 

28  25 
82  22 
86  41 
86  96 
84  04 

29  60 


'Market  value  of  hay,  1910,  1911  and  1912.  |11  per  ton;    1918.  $9;    1914.  $4;    1915,  $8. 

*I.abor  of  production,  includlner  cutting,  raking,  shocking  and  hauling,  figured  at 
12.26  per  ton.  Water  figured  at  |1.70  per  acre- foot  LAbor  for  irrigation  figured 
at  10.60  per  acre  per  irrigation. 

Examination  of  this  summary  indicates  that  while  both  the  average 
maximum  yields  and  the  average  maximum  profits  were  greatest  in  the 
ease  of  annual  applications  of  36  acre-inches  of  irrigation  water  per 
acre,  it  is  clear  that  neither  the  average  increase  in  yield  nor  the 
average  increase  in  profits,  with  applications  at  the  rate  of  36  acre- 
inches  per  acre  per  year  over  the  average  yields  and  profits  with  appli- 
cations at  the  rate  of  30  acre-inches  per  acre  per  year,  was  large  enough 
to  be  material  with  water  costing  at  the  rate  figured  in  the  Davis 
experiments.  It  is  plain,  however,  that  to  the  extent  that  water  co.sts 
less  than  $1.70  per  acre-foot,  the  increase  in  net  profits  with  annual 
depth  of  36  inches  over  the  figures  for  annual  depths  of  30  inches  would 
be  correspondingly  greater,  and  very  much  greater  if  water  were  paid 
for  at  the  flat  annual  rate  of  $1.50  or  $2.00  per  acre,  as  was  the  rule  in  a 
number  of  the  Sacramento  Valley  areas  included  in  the  general  investi- 
gation. The  significant  fact  about  the  results  at  Davis  is  that  the 
increase  in  yield  tends  to  become  negligible  above  annual  depths  of  30 
to  36  inches,  indicating  that  under  conditions  at  Davis,  a  maximum 
allowance  of  36  acre-inches  per  acre  per  year  is  ample.  This  is  further 
brought  out  graphically  in  the  acconipnnyinj?  chart.     (Fii?.  1.) 
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Pig.  I.— Diagram  ihowing  reiulta  of  alfdCi  duly  of  water  »p«iiina<U  *t  Univtnitr  P*™- 

The  moet  marked  change  from  year  to  year  in  the  relation  of  the 
averages  to  each  other  took  place  in  the  60-iDch  applications.  The 
1912  yield  from  the  meet  heavily  irrigated  plat  waa  more  than  10  tons 
per  acre,  but  the  average  dropped  to  8.42  tons  per  acre  by  1915,  and 
had  the  investigations  been  conducted  longer  this  average  doobtlesB 
would  have  decreased  each  year.  The  1915  yield  was  only  5.55  tons  per 
acre,  owing  to  the  quantity  of  rank  water  grass  which  had  supplanted 
the  alfalfa. 

A  wide  variation  in  the  seasonal  rainfall  and  in  the  length  of  the 
growing  season  was  observed  at  Davis.     Both  of  these  factors  seemed 
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to  have  a  decided  effect  on  the  yields  of  hay,  as  shown  by  the  following 
table : 

TABLE   No.  2. 
Relation   of  Climate  to  Yields  of   Hay   at    Davie. 


BalnfsU 

11.90 
23.18 
9.46 
8.74 
28.70 
20.06 

Length  of  groi 
season^ 

vlng 

Number 
of  days 

202 
222 
221 
197 
262 
268 

Average 
tempera- 
ture, 
deg.  F. 

Number 

of 
cuttings 

Average 
yield  of 
hay  per 

Seasoo 

Pates 

Mar.  22-Oct.   10 
Frt>.  27-Oct.     7 
Mar.    3-Oct.   10 
Mar.    4-Sept.  17 
Feb.    6^ct.   26 
Jan.  28-Oct.  13 

acre 
from  all 

'    checks 

1 

1909-1910    

1910-1911    

57.7 
58.3 
57.9 
58.0 
60.0 
59.5 

6 
6 
6 
5 

« 
6 

6.36 
8.87 

1911-1912    

1912-1918    

8.12 
6.49 

1918-1914    

8.94 

1914-1915    

6.52 

ATerage    

17.00 

Feb.  23-Oct.     9 

228 

68.6 

7.48 

^Period  between  date  of  last  killing^  frost  In  the  spring:  and  the  date  of  cutting 
last  crop  the  following:  fall. 

Although  no  conclusions  are  drawn  from  these  observations  the  effect 
of  elimatological  factors  on  crop  growth  and  yields  under  irrigation  is 
shown  clearly. 

Immediately  following  the  harvesting  of  the  last  crop  at  Davis,  on 
October  13,  1915,  five  areas,  each  containing  100  square  feet,  were  laid 
off  on  each  plat  included  in  the  experiment  and  the  number  of  plants 
in  each  area  counted.  The  probable  number  of  plants  per  acre  w^as 
figured  from  the  average  of  these  counts.  By  field  count  a  good  stand 
of  mature  alfalfa  was  found  to  contain  an  average  of  one  and  one-half 
plants  per  square  foot.  With  this  as  a  basis  of  comparison,  the  following 
table  was  compiled: 

TABLE   No.  3. 

Estimated  Per  Cent  of  Alfalfa  Stand  Remaining  at  Davis  at  End  of  Six-year 

Experimental   Period. 


Number  of  plats 


Depth  of 
jvater 

applied, 
inches 


Number  of 

plants 

per  acre 


Per  cent 
of  good 
stand  re- 
maining 


17,  SO  

tt.  29 

».  28  

»>  27  

a.  26 

it  s 

a.  24 

81 


12 
18 
24 
30 
86 
48 
60 


8»626 

13,2 

22,216 

34.0 

80.928 

47.3 

83,977 

.fi2.0 

41.382 

63.3 

89,422  ' 

60.8 

38.333 

58.7 

17,598 

26.9 

This  shows  the  effects  of  the  two  extremes  in  the  application  of 
water,  especially  when  it  is  remembored  that  the  observations  on  the 
60-inch  application  extended  over  a  period  of  only  four  years  and  in 
this  time  the  stand,  as  a  result  of  over-irrigation,  was  reduced  to  an 
<*8timated  average  of  only  27  per  cent  of  the  original. 
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Soil  Moisture  Determinations  at  Davis. 

Beginning  with  1913  and  extending  through  three  years,  very  com- 
plete studies  were  made  of  the  moisture  content  of  the  alfalfa  plats. 
In  the  table  below  are  given  averages  of  the  results  of  the  three  seasons 
observations,  representing  the  number  of  inches  applied  and  per- 
centages retained  by  the  upper  six  feet  and  upper  twelve  feet  of  soil. 
The  plats  which  received  no  irrigation  are  not  included  in  this  table. 

TABLE   No.  4. 

Acre-inches  and  Per  Cent  of  Applications  Retained  by  8oil«  Davis  Alfalfa  Plats, 

1913-1915. 


Number  of  pUta 


Number 

oflrrl- 

ffatlons 

per 
Mason 


Depth  of 

water 

applied 

at  each 

lrriRa< 

tlon. 

Inches 


Amount  of  water 

retained  la  upper 

6  feet  of  soil 


Inches 


Percent 

of  quan- 

tltyap- 

pUed 


Amount  of  water 

retained  In  upper 

IS  feet  of  sou 


Inches 


Per  cent 

of  quan- 

Uty  ao- 

piled 


Average,  0-foot  tests^ 
Average,  12-foot  tests 


^Plat  31  omitted  from  average. 

'Group  averages  obtained  by  giving  plat  percentages  weigh ta  proportional  to  qnantltiea  of 
water  applied. 

With  the  exception  of  plats  18  and  29  and  31,  the  percentage  of 
water  accounted  for  in  the  upper  six  feet  of  soil  decreases  with  the 
increase  in  amount  of  water  applied  from  92  per  cent  for  the  plats 
that  received  three  six-inch  irrigations  to  55.6  per  cent  for  those  that 
received  four  12-inch  irrigations.  The  total  amounts  of  water  retained 
in  the  same  depth  of  soil  per  season  increased  with  the  increase  of 
irrigation  water.  Examination  of  quantities  retained  by  the  upper 
12  feet  in  plats  21  and  26  and  22  and  25  shows  that  more  water  was 
found  in  these  plats  than  was  applied.  It  is  probable  that  this  con- 
dition resulted  from  a  lateral  movement  from  plats  23  and  24  at  a 
depth  of  seven  to  nine  feet,  or  immediately  above  the  relatively  im- 
permeable clay  subsoil  found  at  the  ninth  foot.  This  view  is  sup- 
ported by  the  fact  that  plats  23  and  24  retained  only  86  per  cent  of 
the  twelve  inches  applied,  while  the  average  amount  held  by  plats 
21  and  26.  22  and  25,  and  23  and  24,  in  the  upper  twelve  feet  of  soil, 
was  a  little  less  than  100  per  cent.  Plat  31,  having  a  finer  textured 
soil,  retained  more  than  any  other  plat  and  a  higher  percentage  than 
plats  23  and  24,  which  received  less  water. 
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In  1915,  observations  were  made  of  the  rate  of  growth  of  the  alfalfa 
on  the  various  plats.  Owing  to  the  fact  that  the  varied  irrigation 
treatments  during  the  three  preceding  years  had  resulted  in  thinning 
out  the  stand  on  some  of  the  plats,  the  actual  rates  of  growth  in  1915 
resulted,  in  a  measure,  from  the  effect  of  these  previous  treatments. 
In  order  to  eliminate  the  effect  of  thinness  of  stand  and  to  make  the 
1915  rates  of  growth  comparable  from  the  standpoint  of  moisture  alone, 
the  growth  rate  on  plats  21  and  26  is  taken  at  100  for  each  crop  grown 
and  the  relative  rates  on  the  other  plats  computed  on  this  basis.  Plats 
21  and  26  are  taken  at  100  because  thirty  inches  of  irrigation  water 
per  annum,  the  amount  given  to  these  plats,  evidently  represents  the 
most  economical  duty  for  alfalfa  under  the  conditions  of  these  experi- 
ments. The  actual  growth  rate  of  the  six  crops  of  alfalfa  on  the  plats 
in  1915  was  49,  51,  112,  96,  106,  and  45  pounds  per  acre  per  day, 
respectively.  The  relative  rates  of  growth  for  all  the  plats  are  given 
in  the  following  table: 


TABLE    No.   5. 
Relative  Rate  of  Growth  of  Each  Crop  of  Alfalfa  at  Davis  Experimental  Plat,  1915. 


! 

Depth  of  < 

Rclatlye  rate  of  ffrowth  of  each  crop 

Number  of  pUto 

water 
applied. 

- 



—  - 

—    _ 

I 

— 

Incbea 

Flret 

Second 

Third 

Fourth 

Fifth      ' 

1 

Sixth 

17,  80 

47 

68 

22 

22 

17 

9 

U.  » 

ii" 

71 

61 

09 

78 

89 

18 

1».  » 

18 

84 

88 

78 

76 

89 

46 

fKK  » 

24 

104 

110 

88 

02 

06 

76 

n,  28 

80 

100 

100 

100 

100 

100 

100 

a;  9 

80 

102 

112 

117 

101 

94 

100 

28.  24 

48 

104 

66 

90 

110 

06 

98 

81 .-    ._ 

60 

M 

86 

48 

66 

42 

49 

That  the  preceding  winter's  rains  thoroughly  Avetted  the  soil  of  the 
experimental  tract  throughout  its  entire  depth  is  concluded  from  the 
soil  moisture  observations.  Hence  conditions  in  plats  17  and  30  and 
21  and  26  for  the  period  of  growth  of  the  first  and  second  crops,  other 
than  variation  in  alfalfa  stand,  may  be  considered  the  same,  for  no 
irrigation  water  was  applied  to  any  of  the  plats  before  the  second 
cutting.  The  relative  rate  of  alfalfa  growth  for  the  first  two  crops 
on  plats  17  and  30  averaged  50.  ITonce  it  appears  that  the  last  four 
cuttings  produced  44,  44,  34,  and  18  per  cent,  respectively,  of  what 
should  have  been  produced  had  an  average  moisture  percentage  about 
six  per  cent  above  the  point  at  which  plants  wilt,  been  maintained,  as 
in  plats  21  and  2(5.  Instead,  however,  the  moisture  content  during 
the  growth  period  of  the  hist  thre(»  crops  was  a])out  seven  per  cent 
below  the  wilting  point  in  the  surface  foot,  slightly  below  in  the  second 
foot,  and  approximately  coincident  with  it  in  the  lower  foot  s(*etions. 
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This  amount  of  moisture  is  insufficient  to  support  a  normal  rate  of 
growth.  In  plats  18  and  29,  likewise,  the  moisture  content  in  the 
surface  foot  fell  below  the  wilting  percentage  shortly  after  the  fourth 
cutting,  and  the  fifth  and  sixth  crops  grew  at  the  rates  of  only  56  and 
26  per  cent,  respectively,  of  normal.    In  plats  19  and  28  the  moisture 

content  of  the  upper 
two  feet  was  below 
the  wilting  point  dur- 
ing the  growth  of  the 
sixth  crop,  which  was 
unirrigated,  and  re- 
sulted in  a  rate  of 
growth  of  only  55  per 
cent  of  normal.  Plats 
20  and  27  showed  a 
moisture  percentage 
in  the  surface  foot 
coincident  with  the 
wilting  percentage  be- 
fore irrigation,  but 
seldom  approaching 
that  point  in  the 
lower  depths. 

In  plats  21  and  26, 
22  and  25,  and  23  and 
24,  very  little  change 
took  place  in  the  rela- 
tive growth  rates 
during  the  season,  or 
in  average  moisture 
percentages.  In  plat 
31,  however,  an  in- 
crease in  moisture 
percentage  took  place 
as  the  season  ad- 
vanced, and  the  small 
relative  yields  after 
irrigation  began,  that 
is  of  the  last  four  cut- 
tings, are  due  to  an 
excess  of  moisture. 
Considering  the  aver- 

Fi{;.  2. — Outline  map  of  Sacramento  Valley  showing  location   age    of    the    first    tWO 
of  alfalfa   farms  on   which  alfalfa   duty  of  water  measurements 
were  made  1913  to  1915.  CUttlUgS,      aS     UOrmal, 
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the  third,  fourth,  fifth  and  sixth  crops  were  respectively  53,  73,  47,  and 
54  per  cent  of  normal,  or  an  average  of  56  per  cent  for  the  period  of  the 
irrigation  season.  On  the  same  basis,  plats  21  and  26,  22  and  25,  and  23 
and  24  produced  respectively  100,  97,  and  98  per  cent  of  normal  yields. 

INVESTIGATIONS  ON  SACRAMENTO  VALLEY  ALFALFA  FARMS. 

In  selecting  the  areas  away  from  Davis  to  be  included  in  the  wider 
investigation  (Fig.  2),  care  was  taken  to  include  enough  fields  so  that 
there  would  be  represented  the  major  soil  types  of  the  valley  as  deter- 
mined by  the  soil  surveys  of  the  bureau  of  3oils  and  of  the  college  of 
agriculture  of  the  University  of  California,  whose  soil  classifications 
have  been  followed  in  this  report;  also,  to  give  the  investigations  as 
wide  a  geographical  distribution  as  possible,  so  that  the  differences  in 
rainfall  could  be  taken  into  consideration.  Accordingly,  during  the 
irrigation  seasons  of  1913  and  1914,  between  40  and  50  representative 
farms  were  under  observation  in  the  neighborhood  of  Gridley,  Los 
Molinos,  Orland,  Willows,  Woodland,  and  Dixon,  this  work  being  sup- 
plemented in  1915  by  detailed  studies  on  a  single  ten-acre  tract  five 
miles  northeast  of  Willows,  and  by  general  observations  and  measure- 
ments on  four  other  farms. 

While  the  experiments  at  Davis  were  conducted  under  normal  field 
conditions,  without  departure  from  what  may  be  termed  merely  good 
field  practice,  in  the  investigations  on  Sacramento  Valley  alfalfa  farms, 
it  was  impossible,  except  in  one  case,  to  vary  the  quantities  of  irrigation 
water  applied.  Nevertheless,  it  was  believed  that  by  taking  careful 
account  of  the  irrigation  water  in  the  soil  immediately  before  and 
shortly  after  irrigation,  and  by  careful  measurement  of  the  amounts 
of  water  applied  and  of  the  crops  taken  off,  it  would  be  possible  to 
obtain  a  satisfactory  basis  for  correlation  of  results.  Thus  the  in- 
vestigation became  not  merely  a  measurement  and  study  of  the  amounts 
of  water  used,  but  more  particularly  a  study  of  the  underground  dis- 
tribution of  the  irrigation  water  applied,  and  a  critical  inquiry  into 
the  capacity  of  the  various  soils  of  Sacramento  Valley  to  retain  irriga- 
tion water,  the  amounts  or  percentages  of  moisture  necessary  to  main- 
tain alfalfa  growth,  and  the  best  means  of  maintaining  these  amounts 
under  the  conditions  met. 

Procedure. 

Wherever  possible,  standard  weirs  were  installed  for  measuring  the 
water  applied  to  the  fields.  Where  sufficient  fall  was  not  available  for 
this,  and  also  where  registers  were  not  used,  those  conducting  the  field 
investigations  made  a  sufficient  number  of  current  meter  gagings  or 
gage  readings  to  give  satisfactory  evidence  of  the  amounts  of  water 
being  used.  In  a  few  instances,  chiefly  at  Orland,  automatic  water 
registers  were  installed  for  obtaining  continuous  records.    While  all 
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the  fields  under  observation  were  watched  carefully  for  waste  at  the 
lower  ends  of  the  checks,  no  measurable  waste  was  found.  There  was 
no  waste  of  consequence  off  the  fields  where  the  largest  quantities  were 
used,  such  waste  as  did  occur  coining  on  the  fields  having  heavy  soils 
that  failed  to  absorb  the  water. 

In  addition  to  measuring  the  quantities  of  water  applied  to  the 
surface  of  the  fields,  the  underground  distribution  of  the  water,  follow- 
ing its  application,  was  traced  in  as  many  cases  as  possible  through 
soil  sampling  and  moisture  determinations.  In  taking  soil  samples, 
extreme  care  always  was  exercised  to  avoid  holes  previously  bored.  It 
was  found  impossible  to  trace  the  underground  distribution  of  the 
irrigation  water  in  all  of  the  fields,  but  some  work  of  this  nature  was 
done  in  each  section  studied.  Borings  were  made  to  a  depth  of  at 
least  six  feet  and  at  least  three  points  in  each  field  one  or  two  days 
before  each  irrigation  and  again  at  approximately  the  same  points 
from  two  to  five  days  after  each  irrigation.  While  this  method  left 
an  interval  of  several  days  between  soil  sampling  during  which  some 
moisture  was  used  by  the  crops,  and  while  it  also  failed  to  take  account 
of  the  evaporation  losses  immediately  following  irrigations,  substanti- 
ally the  correct  relation  was  found  by  extending  the  moisture  per- 
centage curves,  shown  in  the  diagrams  accompanying  the  text,  so  as  to 
coincide  with  the  moisture  percentages  immediately  before  and  after 
increases  due  to  the  irrigations.  In  taking  the  soil  samples  for  mois- 
ture determinations,  small  tins  with  an  approximate  capacity  of  one- 
half  pound,  and  with  tight-fitting  covers,  were  filled  from  the  center 
of  each  foot  section;  that  is,  at  one-foot  intervals  beginning  one-half 
foot  below  the  surface  and  extending  to  five  and  one-half  feet.  During 
1913  these  samples  usually  were  dried  in  electric  ovens  at  local  field 
headquarters,  but  in  1914  all  were  forwarded  to  the  laboratory  at  Davis 
where  they  could  be  handled  more  conveniently.  The  tins  were  shipped 
in  tight-fittinj]:  compartments  in  specially  made  boxes  holding  18,  a 
sufficient  number  of  check  determinations  having  been  made  in  the 
field  and  in  the  laboratory  to  insure  that  moisture  loss  in  transit  would 
be  negligible.* 

In  measuring  the  areas  of  the  alfalfa  fields  under  investigation,  all 
principal  supply  ditches  were  eliminated,  but  the  areas  reported  include 
borders  and  levees  and  small  field  distributing  laterals  which  carried 
the  water  from  the  main  supply  ditches  to  the  checks. 

A  number  of  considerations  were  held  in  view  in  making  the  soil 
moisture  determinations  connected  with  these  investigations.  In  the 
first  place  it  was  desired  to  ascertain  the  depth  of  percolation  of  the 


^Welshln?  of  about  700  samples  both  in  the  field  and  in  the  Davis  laboratory 
showed  an  average  loss  sllf?htly  less  than  0.1  per  cent  during  an  average  time  of 
36  hours. 
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irrigation  water  in  order  to  know  in  a  general  way  whether  it  was 
getting  into  the  soil  sufficiently  to  meet  the  needs  of  the  crop,  and  also 
whether  any  appreciable  amount  was  passing  below  the  zone  of  greatest 
root  growth,  generally  taken  to  lie  within  the  upper  six  feet  of  soil. 
In  order  to  express  this  underground  distribution  of  the  irrigation 
water  in  a  way  that  would  be  generally  intelligible,  the  moisture  content 
of  each  of  the  upper  six  feet  of  soil  was  first  determined  in  inches  per 
foot  of  depth  of  soil  and  the  amounts  of  water  added  by  irrigation 
then  were  determined;  also,  in  inches  per  foot  in  depth  of  soil,  on  the 
basis  of  the  borings  before  and  after  irrigations.  Thus,  with  the  water 
content  of  the  upper  six  feet  of  soil  before  irrigation  known  (in  some 
cases  the  upper  9  or  12  feet),  and  with  an  accurate  measurement  of 
the  amount  of  water  applied  to  the  fields,  it  was  possible  to  estimate 
quite  closely  the  proportion  of  the  water  that  remained  or  was  utilized 
immediately  and  the  proportion  that  passed  below  the  depths  studied. 

Another  consideration  in  view  in  these  determinations  was  to  ascer- 
tain the  relative  amounts  of  irrigation  water  contained  in  the  upper 
six  feet  of  soil  as  compared  with  the  quantities  necessary  to  prevent 
wilting  of  the  plants.^  It  was  reasoned  that  this  information  would 
indicate,  with  considerable  accuracy,  the  quantities  of  water  necessary 
to  apply  to  the  several  types  of  soil  to  meet  adequately  the  needs  of 
the  crop. 

A  final  consideration,  in  view  in  these  studies  of  the  underground 
distribution  of  the  irrigation  water,  was  the  frequency  with  which 
irrigation  w^ater  should  be  applied  in  order  to  meet  fully  the  needs  of 
the  plants.  In  other  words,  it  was  desired  to  learn  to  the  extent  pos- 
sible in  the  investigation  the  relative  advantages  of  single  irrigations 
between  cuttings  and  of  the  more  frequent  irrigations  given  to  alfalfa 
in  some  sections  and  on  some  soils.  It  is  plain,  for  instance,  that  the 
less  retentive  a  soil,  the  greater  the  frequency  of  applying  irrigation 
water;  also,  that  the  ''tighter"  the  soil,  the  greater  the  difficulty  of 
getting  into  it  at  one  time  the  amounts  of  water  needed  to  mature  a 
cutting.  This  last  consideration  was  especially  prominent  in  connection 
with  the  gravelly  soils  near  Orland  and  the  very  heavy  soils  found  in 
some  of  the  sections  about  Willows.  In  fact,  it  was  the  difficulty  of 
getting  irrigation  water  into  heavy  soils  that  led  to  the  continuation 


'EiXpressed  technically,  the  quantities  of  Irrig-atlon  water  In  the  soil  over  and  above 
the  "wlltinsr  coefRclent."  For  a  discussion  of  this  term  and  its  application  see 
United  States  Department  of  Agriculture,  Bureau  of  Plant  Industry  Bulletin  230. 
In  this  report  the  simpler  terms,  "wilting  point"  or  "wilting  percentage"  are  used. 
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of  the  investigations  during  1915  on  a  single  typical  field  northeast  of 
Willows.^ 

In  the  course  of  the  three  years  of  investigation  approximately  11,000 
moisture  determinations  have  been  made,  not  including  those  made  for 
the  plats  at  Davis.  Of  these,  8,000  determinations  were  for  moisture- 
holding  capacity.  The  soil  samples  used  in  these  determinations  were 
taken  with  two-inch  soil  augers  of  the  posthole  type.  The  field  and 
laboratory  records  were  made  on  special  forms  devised  for  the  investiga- 
tion, and  in  the  soil  moisture  determinations  at  Davis  a  special  electric 
oven  was  used,  the  soil  being  heated  to  a  temperature  of  105°  to  115° 
centigrade. 

In  every  case  where  the  amount  of  water  used  was  measured,  the 
crop  yields  were  ascertained  by  the  most  satisfactory  means  available. 
In  some  cases  crops  either  were  sold  in  bulk  according  to  scale  weights, 
or  baled,  making  exact  weights  available.  In  a  few  cases  stacks  were 
measured  or  a  sufficient  number  of  sho(*ks  to  be  representative  of  the 
whole  were  hauled  to  nearby  scales  and  the  average  weight  per  shock 
obtained.  In  a  large  number  of  cases  the  average  weight  of  shocks  was 
ascertained  by  weighing  on  the  ground  by  means  of  special  apparatus 
devised  for  the  purpose.     (Plate  I,  Fig.  1.) 

Gridley  Area. 

Investigations  were  conducted  here  in  1913,  only,  the  work  being 
discontinued  after  that  year  because  of  the  high  water-table  and  the 
consequent  impracticability  of  tracing  the  underground  distribution  of 
the  irrigation  water  applied.  Work  was  done  on  14  tracts  varying 
from  three  acres  to  67  acres  in  size.  (Pig.  3.)  All  of  the  fields  studied 
received  water  from  the  Sutter-Butte  canal,  which  takes  its  supply  from 
Feather  River.  The  charge  for  water  for  alfalfa  is  $2  per  acre  per 
3'ear  except  to  some  early  settlers  who  pay  $1. 

The  building  of  the  Sutter-Butte  canal  system  and  the  introduction 
of  irrigation  into  this  area  in  1905  was  not  accomplished  without  diffi- 
culty. Like  other  sections  of  Sacramento  Valley,  the  area  was  devoted 
to  dr}^  grain  farming,  although  fruit  was  grown  in  some  sections,  also 
without  irrigation.  In  less  than  ten  years  the  most  skeptical  of  the 
old-time  grain  farmers  have  become  convinced  that  irrigation  is  profit- 
able and  assential  in  the  up-building  of  the  section.     But  irrigation  has 


'In  ascertaining  the  capacities  of  the  various  soils  under  observation  In  the 
investigation  to  retain  irrigation  water  and  the  rates  of  percolation  of  the  irrifatfon 
water  applied,  it  was  necessary  to  make  numerous  technical  studies  which  it  Is  not 
desirable  to  report  in  this  bulletin.  The  ascertainment  of  the  water- holdingr  capaci- 
ties of  the  various  soils  and  of  the  amounts  of  moisture  necessary  to  be  present  to 
prevent  wilting  have,  for  Instance,  involved  the  making  of  apparent  and  real 
specific  gravity  determinations,  pliysiral  analyses  of  the  soil  in  the  various  fields, 
and  the  development  and  checking  of  special  methods  of  volume- weight  determina- 
tions of  soils  'Mn  place."  In  some  of  these  studies  the  cooperation  was  received  of 
Professor  Charles  F.  Shaw,  and  assistants,  of  the  Division  of  Soil  Technology  of  the 
Department  of  Agriculture  of  the  University  of  California. 


FiE.  1.— WetEhing  iKbIU  hay   in    the  field. 


ALFALFA    IRKIGATION    IN    SACRAMENTO   VALLEY. 


17 


GRIDLEY  R  3E 


brought  problems  re- 
lating to  drainage 
and  the  conservative 
use  of  water,  which 
are  yet  to  be  solved. 
The  average  annual 
rainfall  at  Biggs, 
four  miles  north  of 
Gridley,  is  22.24^ 
inches. 

The  soils  of  the 
Gridley  area  have 
been  classified  by  the 
bureau  of  soils  and 
the  University  of 
California  as  Ma- 
dera and  Gridley 
loams,  undiflEerenti- 
ated.  Naturally,  in 
a  broad  classification 
many  departures  are 
to  be  found.  South- 
east of  Gridley  there 
occurs  a  body  of  silt 
loam  within  which 
were  located  a  number  of  the  tracts  included  in  the  investigations  in 
1913.  Under  most  of  the  soils  a  noncontinuous  hardpan  is  found  within 
six  feet  of  the  surface  and  occurs  frequently  within  18  inches,  or  again 
may  be  absent  entirely.  To  quote  from  the  report  of  the  reconnoissance 
soil  surve3'  by  the  bureau  of  soils  and  the  University  of  California.* 

It  will  be  noted  in  the  description  of  the  individual  tracts  mentioned 
later  that  ground  water  was  found  in  many  fields  within  three  feet  to 
five  feet  of  the  surface.  As  far  back  as  1907  it  stood  within  six  feet  of 
the  surface  under  large  areas  and  after  a  few  days  of  irrigation  rose,  in 
many  cases,  to  within  three  feet  of  the  surface.  In  general,  the  water- 
table  seems  to  fluctuate  over  wide  ranges  and  to  vary  considerably 
within  each  season.  The  need  for  drainage  is  well  recognized  and  in 
some  sections  it  has  been  or  is  being  provided. 


Fig.  3.     Map  of  Gridley  area  showing  location  of 
alfalfa  farms  under  investigation,   1913. 


"Weather  Bureau.  Annual  Summary  for  1915. 

"U.  S.  Dept.  Agr.,  Bureau  of  Soils,  Reconnoissanre  Soil  Survey  of  the  Sacramento 
Valley,  Callzornia,  p.  87.  The  hardpan  layer  in  these  soils  is  variable,  beln^  In 
places  a  thin  stratum  of  easily  fractured  gray  material,  usually  hijfh  In  calcium 
carbonate.  In  other  places  It  Is  a  very  thick,  cemented  mass  lying  near  the  surface. 
In  still  other  places  it  is  a  semicemented  mass  of  mottled  grayish  and  reddish-brown 
oolor.  The  hardpan  has  a  direct  and  Important  influence  upon  the  crop  value  of  the 
soils  of  this  ffroup.  As  a  whole  they  are  friable,  easily  tilled  and  retentive  of 
moisture. 
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Most  of  the  land  planted  to  alfalfa  in  the  Oridley  section  is  prepared 
in  border  checks  30  feet  to  60  feet  wide  and  300  feet  to  1,000  feet  long. 
Many  of  the  early  settlers  used  rectangular  checks  with  from  five  to 
seven  to  the  acre.  In  applying  water  to  the  border  cheeks,  which  now 
predominate,  an  irrigating  head  of  10  to  15  cubic  feet  per  second  is  com- 
monly used,  most  generally  divided  between  two  or  three  checks.  The 
cost  of  preparing  land  for  irrigation  of  alfalfa  has  averaged  from  about 
$15  to  $20  per  acre.  The  first  irrigation  of  alfalfa  generally  is  given 
after  the  first  crop  of  hay  is  removed,  usually  in  May  or  early  June. 
Subsequent  waterings  follow  each  cutting  with  the  exception  of  the 
fifth  or  last. 

As  indicated  in  Table  No.  6,  the  average  use  of  water  on  the  14  farms 
under  observation  in  1913  was  3.31  acre-feet  per  acre  for  the  season, 
and  the  average  total  yield  from  five  cuttings  of  alfalfa  was  6.19  tons  per 
acre,  this  yield  having  been  reduced  as  a  result  of  an  invasion  of  grass- 
hoppers. The  greatest  quantity  used  was  4.98  acre-feet  per  acre  applied 
in  five  irrigations,  and  the  least  was  2.04  acre-feet  per  acre  applied  in 
four  irrigations.  In  several  cases  the  extravagant  use  noted  was  due 
to  the  inexperience  of  the  irrigator  or  to  a  lack  of  attention  when  water 
was  being  applied.  The  fact  that  water  usually  was  sold  to  irrigators 
at  a  flat  rate  of  $2  per  acre  and  with  little  restraint  exercised  by  the 
canal  company,  had  a  tendency  to  promote  extravagant  use.  A  change 
in  the  method  of  selling  water  from  a  flat  rate  per  acre  to  the  quantity 
basis  is  desirable,  and  would  to  some  extent  obviate  the  dangers  of 
overirrigation. 

The  underground  distribution  of  the  irrigation  water  applied  was 
traced  on  the  Huartson  and  Williams  fields  in  the  Gridley  area  in  1913. 

Hiiartson  Field,  The  soil  is  a  loam  of  the  Madera  and  Gridley 
series,  generally  uniform  to  a  depth  of  six  feet,  and  highly  permeable. 
A  noncontinuous  hardpan  about  six  inches  thick  is  encountered  from 
four  to  six  feet  below  the  surface.  Below  this  is  a  rather  porous,  coarse, 
sandy  loam  to  a  depth  of  about  ton  feet,  with  a  very  impervious,  com- 
pact, blue  clay  underlying  to  a  depth  of  20  to  50  feet.  This  field  was 
irrigated  four  times,  moisture  determinations  being  made  before  and 
after  each  of  the  last  three  irrigations.  At  the  second  irrigation  a 
depth  of  7.44  inches  was  applied,  of  which  1.68  acre-inches  per  acre,  or 
23  per  cent,  was  retained  in  the  upper  six  feet.  A  depth  of  7.32  inches 
was  given  at  the  third  irrigation,  of  which  5.97  acre-inches  per  acre,  or 
82  per  cent,  was  retained  in  the  upper  six  feet.  A  depth  of  6.84  inches 
was  given  at  the  fourth  irrigation,  of  which  4.88  acre-inches  per  acre, 
or  71  per  cent,  was  retained  in  the  upper  six  feet.    In  each  case  four 
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borings  were  made  before  and  after  irrigations,  and  ground  water  gen- 
erally was  found  at  a  depth  of  approximately  six  feet,  the  latter  obvi- 
ously affecting  the  moisture  content  of  the  soil  almost  to  the  surface. 
Borings  to  a  depth  of  six  feet  after  the  fourth  irrigation  indicated  that 
almost  all  of  the  pore  space  in  the  sixth  foot  of  soil  was  filled  with 
water.  Considering  the  last  three  irrigations  together,  it  was  found 
that  58.1  per  cent  of  the  quantity  of  water  applied  was  retained  in  the 
upper  six  feet,  this  being  increased  to  73  per  cent  by  adding  an  esti- 
mated quantity  for  loss  between  irrigations  and  soil  borings.  Through- 
out the  period  of  the  last  three  irrigations,  the  moisture  content  below 
the  second  foot  in  depth  was  far  above  the  wilting  point.  Considering 
the  high  ground  water  level  under  this  field  it  is  obvious  that  even  the 
6.84  to  7.44  acre-inches  per  acre  applied  at  single  irrigations  to  this 
field  were  slightly  excessive. 

Williams  Field.  The  soil  is  a  little  more  compact  and  less  permeable 
than  that  in  the  Huartson  field.  Five  irrigations  were  given  in  1913 
and  moisture  determinations  were  made  from  four  borings  before  and 
after  the  second,  third,  and  fourth,  the  depths  of  water  applied  in  these 
three  irrigations  being  6,  4.44,  and  7.20  inches,  respectively.  In  boring 
for  soil  samples  it  was  attempted  to  go  to  a  depth  of  six  feet,  but  the 
high  water-table  prevented  satisfactory  results  below  a  depth  of  three 
feet.  The  average  quantity  of  water  applied  at  the  second,  third  and 
fourth  irrigations  was  5.88  acre-inches  per  acre,  of  which  an  average  of 
47  per  cent  was  retained  in  the  upper  three  feet  of  soil. 

Results  of  these  investigations  are  summarized  in  Table  No.  6. 


TABLE   No.  6. 
Summary  of  Results  of  Alfalfa    Duty  of  Water  Investigations,   Qrldley  Area,  1913. 


Naflu 


Soil  tjpe 


J.  W.  Humble 

T.  Baltimore 

F.  1».  Bratton 

Obas.  Baltimore 

W.  R.  Huartson 

C.  W.  Van  Note 

W.   6.   Ooppernon ^^^^ 

M.   B.  Williams 

A.  J.  McParland ' 

Jobn  Paulbom | 

C,   W.  Sommen. . < 

G.  W.  Conrad 

G.  Xr.  Campbell 

C.   W.  Mount 


Silt  loam   - 

Silt  loam  _ 

Silt  loam  

Silt  loam  

Silt  loam   

Clay  loam  _. 

Silt  loam   ._ 

Silt  loam,  clay  loam 

Silt  loam   _ 

Silt  loam   

Sandy  loam 

Silt  loam,  sandy  loam 

Silt  loam,  sandy  loam 

Clay  loam  


Averaga 


Area, 
acres 


18.43 
14.98 

8.29 
26.40 

7.42 
27.20 
18.96 
67.29 

9.44 
17.10 

7.00 
37.59 
16.76 
17.41 


KoTS.— Rainfall  November  1,  1912,  to  October  81,  1913.  1.16  feet. 
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DESCRIPTION    OF    FIELDS    IN    THE    QRIDLEY    AREA    AND    COMMENTS    ON 

IRRIGATION    CONDITIONS    AND    PRACTICES. 

«/.  W.  Humble  Field.  Seeded  in  1909.  Stand  of  alfalfa  uniform.  Water  Uble 
at  3.5  feet  below  surface  during  irrigation  season.  X^Meld  in  border  checks  about 
60  feet  by  260  to  440  feet,  wltb  average  grade  of  four  inches  in  100  feet  licvees 
four  feet  wide  on  top,  8  feet  wide  on  bottom,  and  six  inches  high.  Water  applied 
once  after  each  cutting,  with  the  exception  of  the  last.  An  irrigation  head  of  4.5  to 
6.5  cubic  feet  per  second,  divided  between  two  checks,  irrigation  progressing  at  rate 
of  .8  to  1  acre  per  hour. 

Thurston  Baltimore  Field.  Seeded  in  1911.  Field  prepared  in  border  checks 
35  feet  wide  and  870  feet  long  with  average  grade  of  eight  inches  per  100  feet  in 
the  upper  one-half  of  the  field  and  four  inches  per  100  feet  from  center  to  lower  end. 
Water  applied  once  after  each  cutting,  with  exception  of  last.  Head  of  eight  to  ten 
cubic  feet  per  second  being  divided  between  two  or  more  checks,  no  water  being 
wasted  at  lower  end  of  checks.  Borings  were  made  in  1913  to  depth  of  six  feet 
before  and  after  each  irrigation.  In  the  higher  part  of  field  water  table  stood  five  to 
six  feet  below  surface,  while  in  lower  end  it  was  two  feet  below,  these  depths  being 
about  constant  throughout  irrigation  season. 

F.  L.  Brattofi  Field.  Seeded  in  1908.  Stand  of  alfalfa  good.  Land  in  rec- 
tangular cliecks  averaging  45  feet  by  72  feet.  Average  irrigation  head  varied  from 
four  to  eight  cubic  feet  per  second,  being  divided  into  four  or  more  checks.  Four 
irrigations  given.  Use  could  have  been  greatly  reduced  by  better  location  of  field 
ditches  and  arrangement  of  checks.  The  fact  that  several  different  men  were  hired 
to  irrigate  also  accounts  for  excessive  use  of  water. 

Chas.  Baltimore  Field.  Seeded  in  1907.  Lies  west  of  Thurston  Baltimore  tract 
and  has  good  stand.  Water  table'  stood  at  about  3.5  feet  below  surface  during 
irrigation  season.  One-half  of  field  prepared  in  border  checks  30  feet  by  400  feet 
with  average  grade  of  five  inches  in  100  feet,  remainder  being  in  rectangular  checks 
70  by  80  feet.  Average  irrigation  head  4.5  to  6  cubic  feet  per  second,  generally 
turned  into  two  or  more  checks.  Water  applied  after  first  and  second  and  before 
third,  fourth,  and  fifth  cuttings.  Better  results  might  have  been  secured  in  part  of 
fiold  by  increasing  size^  Of  head  used  on  individual  checks. 

W.  R.  Huartson  Field.  Seeded  in  1909,  has  excellent  stand.  Field  in  border 
checks  65  feet  by  GOO  feet  with  average  grade  of  2.5  inches  in  100  feet.  Head  of 
1.7  to  3.5  cubic  feet  per  second  applied  once  after  each  cutting  except  the  fifth. 
Water  table  five  to  six  feet  below  surface  during  irrigation  season.  Water  carefully 
used  and  excellent  returns  secured. 

C.  W.  Van  Note  Field.  Seeded  in  1009.  Stand  good  and  land  well  prepared  for 
irrigation.  Water  table  four  to  six  feet  below  surface  during  irrigation  seasou. 
Field  in  border  checks,  most  of  which  are  50  feet  by  620  feet  with  average  grade  of 
two  to  three  inches  in  100  feet.  Irrigation  head  of  8  to  13  cubic  feet  per  second 
divided  among  two  or  three  checks,  irrigation  with  latter  head  progressing  at  rate  of 
about  two  acres  per  hour.  Water  applied  once  after  each  cutting  and  use 
conservative. 

W.  G.  Coppcrnoll  Field.  Seeded  in  1910.  Stand  good  and  land  well  prepared 
in  border  checks  50  to  55  feet  by  460  to  5()0  feet,  with  average  grade  o?  five  to  six 
inches  in  100  feet.  Average  head  of  13  to  16  cubic  feet  per  second  divided  among 
three  or  four  checks,  the  land  being  irrigated  at  rate  of  about  three  acres  per  hour. 

Milo  B.  Williams  Firld.  Seeded  in  1908.  Stand  good  and  preparation  of  land 
fair.  Water  table  3  to  3.5  feet  below  surface  during  irrigation  season.  Field  in 
rectangular  and  border  checks  of  various  sizes,  some  SO  feet  by  200  feet  and  others 
60  fe.^t  by  450  feet.  Average  irrigation  head  varied  from  10  to  10  cubic  feet  per 
second,  divided  into  two  or  three  strt^anis.  Two  men  usually  irrigated  at  rate  of 
two  or  three  acres  per  hour  and  use  was  conservative. 

A.  J.  McFarland  Field.  Seeded  in  1909.  Stand  and  preparation  of  land  fair- 
Field  divided  into  border  checks  60  feet  by  623  feet  with  average  grade  of  eight 
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inches  in  100  feet.  Average  heads  of  eight  to  ten  cubic  feet  per  second  divided 
between  two  checks.  Inexperience  of  irrigator  and  lack  of  attention  during  times 
of  watering  accounts  largely  for  the  extravagant  use  of  water. 

John  Paulhom  Field,  Seeded  in  1908.  Water  table  3.5  feet  below  surface 
during  irrigation  season.  Field  irrigated  by  flooding  from  field  ditches,  13  to  15 
cubic  feet  per  second  being  divided  into  two  or  three  ditches.  A  more  economical 
UFe  of  water  could  have  been  attained  with  better  preparation  of  the  land. 

C  W.  Summers  Field,  Seeded  in  1907.  Water  table  three  to  five  feet  below  the 
surface  during  irrigation  season.  Field  in  border  checks  55  feet  by  465  feet,  with 
average  grade  of  four  inches  in  100  feet.  Average  irrigation  head  of  four  to  six 
cubic  feet  per  second  applied  once  after  each  cutting  of  alfalfa,  with  exception  of 
fifth,  irrigation  progressing  at  rate  of  one  acre  per  hour. 

G.  W,  Conrad  Field,  Seeded  in  1909.  Land  well  prepared  and  stand  fair. 
Water  table  about  3.5  feet  below  surface  during  irrigation  season.  Field  in  border 
checks  40  feet  by  GOO  feet,  with  average  grade  of  0.6  inch  in  100  feet  Levees  have 
bottom  width  of  four  to  six  feet  and  are  six  inches  high.  This  tract  received  six 
irrigations  with  average  of  five  to  seven  cubic  feet  per  second. 

O.  L.  Campbell  Field.  Seeded  in  1911.  This  tract  adjoins  Conrad  tract  and 
has  good  stand.  Water  table  3.5  feet  below  surface  during  irrigation  season.  Field 
in  border  checks,  some  35  feet  by  280  feet,  with  average  grade  of  four  to  six  inches 
per  100  feet.  Average  of  five  to  seven  cubic  feet  per  second  turned  into  tliree  or 
four  checks.     Sometimes  irrigation  practised  at  night  and  water  allowed  to  waste. 

O,  W,  Mount  Field,  Seeded  in  1910.  Land  fairly  well  prepared  for  irrigation 
but  stand  has  been  damaged  by  excess  of  water.  Water  table  about  3.5  feet  below 
surface  during  irrigation  season.  Field  in  border  checks  60  feet  wide  and  varying 
in  length  from  420  to  1,160  feet,  with  average  grade  of  two  inches  per  100  feet. 
Average  of  four  to  six  cubic  feet  per  second  used  and  considerable  water  wasted 
through  carelessness  of  hired  irrigators. 

Los  Molinos  Area. 

InyestigatioDs  were  conducted  on  nine  fields  near  Los  Molinos  in 
1913  and  on  ten  fields  in  1914,  all  lying  within  the  12,000-acre  Los 
Molinos  irrigation  project,  in  Tehama  County.  (Fig.  4.)  The  first 
development  under  the  Los  Molinos  project  was  in  1908,  and  by  1914 
about  8,500  acres  were  under  irrigation  and  about  350  families  were 
living  on  the  project. 

The  average  annual  rainfall  at  Red  Bluff,  about  15  miles  north  of 
Los  Molinos,  is  26.11  inches.'  Water  for  irrigation  is  obtained  from 
Mill  and  Antelope  creeks  and  is  sold  by  the  water  company  at  the  flat 
rat«  of  $2  per  acre  with  a  contract  allowance  of  one-fifth  ** miner's 
inch"  per  acre,  a  miner's  inch  being  defined  as  14,000  gallons  in  24 
hours. 

The  irrigation  season  for  the  project  is  fixed  at  April  1  to  October  1 , 
but  due  to  an  abundance  of  water  and  to  the  fact  that  the  project  is 
not  yet  completely  under  irrigation,  tlie  established  rules  governing 
the  distribution  of  water  have  not  been  enforced.  Water  is  delivered 
in  rotation  in  heads  of  two  to  five  cubic  feet  per  second  and  the  usual 
practice  is  to  irrigate  alfalfa  once  after  each  cutting  with  the  exception 
of  the  fifth  or  last  crop.     The  most  common  method  of  preparing  land 

"Weather  Bureau,  Annual  Summary  for  1915. 
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is  in  border  checks  40  feet  to  60  feet  wide  and  300  feet  to  600  feet  long, 
with  a  usual  grade  of  three  inches  to  six  inches  in  100  feet.  A  number 
of  fields,  however,  have  not  been  prepared  for  irrigation  other  than 
by  some  "floating"  of  the  surface. 

During  the  season  of  1913  duty  of 
water  measurements  under  the  Los 
Molinos  project  were  made  mostly  with 
a  current  meter  (Plate  I,  Fig.  2),  but 
in  1914  most  of  the  fields  were  equipped 
with  rectangular  or  Cipolletti  weirs 
installed  at  the  entrance  of  the  laterals 
to  the  farms.  Soil  moisture  determina- 
tions in  1913  were  confined  to  miscel- 
laneous borings  and  determinations 
through  a  part  of  the  season,  but  in 
1914  these  determinations  were  made 
with  fair  completeness  on  five  fields. 
The  soils  in  the  Los  Molinos  area  are 
designated  by  the  bureau  of  soils*  as 
belonging  to  the  Vina  series  and  include 
mostly  clay  loams  and  silt  loams. 

It  is  to  be  noted  from  the  summaries 
in  Tables  Nos.  7  and  8  that  the  actual 
applications  of  water  varied  from  1.42 
to  8.46  acre-feet  per  acre  per  year, 
averaging  5.57  acre-feet  per  acre  in 
1913  and  4.74  acre-feet  per  acre  in 
1914;  also  that  a  smaller  average  use 
in  1914  gave  a  larger  average  yield  of 
alfalfa  than  was  obtained  in  1913, 
undoubtedly  due  largely  to  the  fact  that 
the  rainfall  in  1914  was  over  twice  that 
of  1913.  But  even  when  rainfall  is 
added  to  the  irrigation  water  applied 
each  year  there  are  many  instances 
shown  in  the  summaries  where  larger 
quantities  of  water,  both  irrigation  and 
rainfall,  fail  to  give  proportionate  increases  of  yield.  For  instance,  a 
total  of  6.07  acre-feet  of  water  per  acre  on  the  Bundy  No.  1  farm  gave 
a  yield  of  3.02  tons  per  acre  in  1913,  whereas  a  total  of  5.08  acre-feet  of 
water  per  acre  on  the  same  farm  in  1914  gave  a  yield  more  than  90  per 
cent  greater.  Again,  a  total  of  4.94  acre-feet  of  water  per  acre  on  the 
Hof henke  farm  in  1913  produced  a  yield  of  8.10  tons  of  alfalfa,  whereas 


Fig.  4. — Map  of  Los  Molinos  area 
showing  location  of  alfalfa  farms 
under  investigation,    1913  and   1914. 


>U.    S.   Dept   Agr.,   Bureau   of   Soils,   Reconnoissance   Soil   Survey   of   Sacramento 
Valley,  California. 
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a  total  of  9.74  acre-feet  of  water  per  acre,  including  rainfall,  in  1914 
gave  a  yield  of  only  5.75  tons,  or  28  per  cent  less. 

Soil  moisture  determinations  were  made  on  the  Wigno,  Bundy, 
Hofhenke,  Geer,  and  Woodward  fields  in  this  area  in  1914.  The  soils 
of  all  of  these  fields  were  highly  permeable.  Large  quantities  of  water 
were  applied  in  each  case  and  the  moisture  determiiiations  showed 
beyond  a  doubt  that  much  water  passed  below  a  depth  of  six  feet.  In 
the  fine  sandy  loam  soils  studied  on  the  Wigno  tract  the  increase  in 
moisture  content  was  as  great  in  the  sixth  foot  as  in  the  surface  foot. 
In  the  case  of  the  other  four  fields  the  increase  in  the  lower  depths  also 
was  sufficient  to  indicate  that  much  of  the  irrigation  water  passed  below 
the  depths  reached  by  the  soil  augers.  Speaking  generally  of  the  four 
fields,  the  moisture  work  indicated  that  as  much  water  would  have  been 
held  by  the  soils  if  less  had  been  applied ;  also  that  sufficient  moisture 
was  in  the  soils  of  all  four  fields  almost  throughout  the  season  to  keep 
the  percentage  above  the  wilting  point.  A  more  complete  statement 
of  moisture  work  on  these  five  fields  follows. 

Wigno  Field.  Figure  5  shows  diagrammatically  the  changes  of 
moisture  content  in  this  field  throughout  the  irrigation  season  of  1914 
for  each  foot  in  depth  in  the  upper  six  feet  of  soil.*  The  soil  of  this 
field  is  fine  sandy  loam  of  the  Vina  series,  and  is  very  uniform  to  a 
depth  of  12  feet.  The  field  was  irrigated  four  times  in  1914.  The 
first  moisture  samples  were  taken  May  8th,  eleven  days  before  the  first 
irrigation,  the  average  moisture  content  shown  by  three  borings  to  a 
depth  of  six  feet  having  been  15.65  per  cent.  An  irrigation  on  May  19 
of  5.95  acre-inches  per  acre  raised  the  moisture  content  in  the  upper 
six  feet  of  soil  to  25.71  per  cent  of  the  water  applied;  90  per  cent  was 
retained  in  the  upper  six  feet,  the  quantities  retained  in  each  foot 
increasing  with  the  depth.  The  second  irrigation,  amounting  to  a 
depth  of  23.18  inches,  was  given  June  20th,  eight  borings  for  moisture 
samples  being  made  June  18th  and  June  24th.  Only  5.67  of  the  23.18 
acre-inches  applied  per  acre,  or  a  little  less  than  25  per  cent  of  the 
total,  was  retained  in  the  upper  six  feet  of  soil.  The  third  irrigation, 
amounting  to  a  depth  of  15.78  inches,  was  given  July  28,  moisture 
samples  being  taken  from  eight  holes  July  22d  and  July  30th.  A  total 
of  4.90  acre-inches  per  acre,  or  approximately  31  per  cent  of  the  amount 
applied,  was  retained  in  the  upper  six  feet  of  soil.  The  last  irrigation, 
amounting  to  a  depth  of  28.04  inches,  was  given  on  September  10th, 
eight  borings  for  moisture  samples  nine  feet  deep  being  made  Septem- 
ber 7th  and  again  September  14th.  A  total  of  4.83  acre-inches  per 
acre,  or  17  per  cent  of  the  amount  applied,  was  retained  in  the  upper 
nine  feet,  12  per  cent,  or  3.48  acre-inches  per  acre,  being  retained  in 

>More  correctly  speaking,  this  and  subsequent  similar  charts  show  the  ransre  of 
moisture  change  between  Irrigations  and  at  each  Irrigation. 
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the  upper  six  feet.  On  November  5th,  after  the  last  crop  of  alfalfa 
had  been  removed,  eight  borings  to  a  depth  of  six  feet  showed  an 
average  moisture  content  of  16.53  per  cent.  Considering  the  four 
irrigations  together,  they  are  found  to  average  a  depth  of  18.25  inches 
each,  of  which  4.89  acre-inches  per  acre,  or  an  average  of  26.8  per  cent 
of  the  total  was  retained  in  the  upper  six  feet.  The  diagram  shows 
that  the  moisture  percentage  reached  or  closely  approached  the  wilting 
point  in  the  upper  three  feet  of  soil  before  each  irrigation,  but  that  it 


Fig.  5.- -Diagram    showing    seasonal    variation    in    soil    moisture    percentage,    Wigao    alfalfa 

field,  Los  Molinos,  1914. 

was  well  above  tlie  wilting  point  throughout  the  season  in  the  third, 
fourth,  and  fifth  feet  below  the  surface. 

Bxmdy  Field,  Variations  in  moisture  percentages  in  this  field  arc 
shown  in  figure  6.  The  soil  of  this  field  is  a  loam  of  the  Vina  series, 
uniform  to  a  depth  of  at  least  12  feet.  Four  irrigations  were  given 
in  1914,  17.72,  12.20,  11.55,  and  7.77  acre-inches  per  acre,  respectively, 
being  applied.  Six  borings  were  made  to  a  depth  of  six  feet  before 
and  after  each  of  the  first  three  irrigations  and  to  a  depth  of  nine  feet 
before  and  after  the   fourth  irrigation,  the  moisture  determinations 
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indicating  that  4.01  acre-inches  per  acre,  or  23  per  cent,  was  retained 
in  the  upper  six  feet  at  the  first  irrigation,  3.27  acre-inches  per  acre, 
or  27  per  cent,  at  the  second  irrigation,  4.03  acre-inches  per  acre,  or 
35  per  cent,  at  the  third  irrigation,  and  4.73  acre-inches  per  acre,  or 
61  per  cent,  at  the  fourth  irrigation.  The  average  quantity  of  water 
applied  in  the  four  irrigations  was  12.30  acre-inches  per  acre,  of  which 
an  average  of  4.03  acre-inches  per  acre,  or  32.5  per  cent  of  the  amount 
applied,  was  retained  in  the  upper  six  feet  of  soil.  In  this  field,  as 
shown  by  the  diagram,  the  moisture  percentage  reached  the  wilting 
point  only  in  the  first  foot. 
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Fig.  6. — Diagram   showing   seasonal    variation    in   soil   moisture   percentage,    Bundy   alfalfa 

field,  Los  Molinos,   1914. 

Hofhenke  Field,  Variations  in  soil  moisture  percentages  in  this 
field  are  shown  in  figure  7.  Only  in  August  and  in  the  surface  foot 
of  soil  did  the  moisture  percentage  drop  to  the  wilting  point.  The  soil 
of  this  field  is  loam  of  the  Vina  series.  Irrigations  were  given  in  1914 
on  June  1st,  July  11th,  August  16th,  and  September  21st,  the  depths 
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of  water  applied  being,  respectively,  18.76,  15.74,  18.86,  and  13.22 
inches.  Moisture  determinations  were  made  to  a  depth  of  six  feet 
before  and  after  the  first  three  irrigations  and  to  a  depth  of  nine  feet 
before  and  after  the  fourth,  nine  borings  being  made  before  and  after 
the  first  irrigation,  and  12  before  and  after  each  of  the  others.  The 
quantities  of  water  retained  in  the  upper  six  feet  of  soil  in  the  four 
irrigations  were  5.42  acre-inches  per  acre,  or  29  per  cent,  at  the  first 
irrigation,  3.78  acre-inches  per  acre,  or  24  per  cent,  at  the  second  irriga- 
tion, 5.36  acre-inches  per  acre,  or  28  per  cent,  at  the  third  irrigation, 
and  3.50  acre-inches  per  acre,  or  26  per  cent,  at  the  fourth  irrigation. 
At  the  latter  irrigation  4.65  acre-inches  per  acre,  or  35  per  cent,  was 
retained  in  the  upper  nine  feet  of  soil.  The  average  depth  at  each  of 
the  four  irrigations  was  16.62  inches  and  the  average  quantity  retained 
in  the  upper  six  feet  of  soil  was  4.51  acre-inches  per  acre,  or  27.1  per 
cent  of  the  total.  Adding  the  estimated  loss  between  irrigations  and 
soil  sampling,  the  average  quantity  retained  in  the  upper  six  feet  of 
soil  for  each  of  the  four  irrigations  was  5.59  acre-inches  per  acre,  or 
34  per  cent  of  the  amount  applied. 


j7j^A/c//T  ^^ftx-if/V/ZAff /itpnts^z/rs  A^;'7^<:r  Ay/vr(5«iLUNQ  (Dtmath^T) 


Fig.  7. — Diagram  showing  seasonal  variation  in  soil  moisture  percentage,  Hofhenke  alfalfa 

field,  Los  Molinos,  1914. 
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Oeer  Field.  Variations  in  soil  moisture  percentages  in  this  field  are 
shown  in  figure  8.  The  soil  of  this  field  is  classed  as  a  clay  loam  of 
the  Vina  series,  the  upper  two  feet  being  distinctly  heavier  than  the 
underlying  soil,  which  approaches  a  silt  loam  very  closely.  The  dia- 
gram shows  the  wilting  point  was  reached  or  closely  approached  in  the 
latter  part  of  July  nearly  to  the  full  depth  of  the  six  feet  sampled. 
Four  irrigations  were  given  in  1914,  the  respective  depths  applied 
being  24.00,  18.19,  12.15,  and  24.34  inches.    Twelve  borings  for  mois- 
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Fig.  8. — Diagram  showing  seasonal  variation  in  soil  moisture  percentage,  Geer  alfalfa  field, 

Los  Molinos,  1914. 

tore  determinations  were  made  to  a  depth  of  six  feet  before  and  after 
the  first  three  irrigations  and  to  a  depth  of  nine  feet  before  and  after 
the  fourth.  These  show  that  the  upper  six  feet  of  soil  retained  5.59 
acre-inches  per  acre,  or  23  per  cent,  at  the  first  irrigation,  3.28  acre- 
inches  per  acre,  or  18  per  cent,  at  the  second  irrigation,  5.37  acre-inches 
per  acre,  or  44  per  cent,  at  the  third  irrigation,  and  3.76  acre-inches 
per  acre,  or  15  per  cent,  at  the  fourth  irrigation.  At  the  latter  irriga- 
tion the  upper  nine  feet  of  soil  retained  a  total  of  4.78  acre-inches  per 
acre,  or  20  per  cent  of  the  whole.     The  average  depth  applied  at  each  of 
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the  four  irrigations  was  !I9.67  inches,  of  which  4.50  acre-inches  per  acre, 
or  22.9  per  cent,  was  retained  in  the  upper  six  feet.  With  correction 
for  the  amounts  lost  between  irrigations  and  the  soil  sampling,  based  on 
the  Davis  experiments,  an  average  of  5.58  acre-inches  per  acre,  or  28.4 
per  cent  of  the  total,  was  retained  in  the  upper  six  feet  of  soil. 

TABLE    No.  7. 
Summary  of  Results  of  Alfalfa  Duty  of  Water  Investigations,  Los  Molinos  Area,  1913. 


Nune 


Sou  type 


Arm. 
■eras 


I 


IIE 


I 

a 

? 


7 


fisE 

I      P- 


E.  A.  BuDdy,  No.  1. 
E.  A.  Bundy,  No.  2. 

B.  W.  Ballard 

G.  B.  Enffle 

G.  H.  Geer 

J.  F.  Hofbenlce 

8.  B.  Reece 

John  Rlsse  ._ — 

A.  WIgno  


Averages 


silt,  clay   loam 8.97 

Silt  loam   4.81 

Silt  loam   10.18 

Llgbt  grayeUy  clay  loam.  17.16 

Clay  loam  _ -  9.21 

Silt  loam   24.59 

Clay  loam  13.50 


Silt 
Silt 


loam 
loam 


15.00 
9.13 


4 

4 
4 

5 
4 
4 

4 
4 
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' 

' 

— ^-~--—  -^ 

4.91 

1 

5      ' 

8.as 

6.00 

6 

7^ 

6.01 

5 

6.38 

4.46 

6 

8.78 

7.41 

5 

tJU 

8.78 

5 

8.10 

6.00 

5 

4.46 

6.88 

5 

5.5S 

6.08 

6 

e.29 

6.57 

BJBO. 

NOTB.— Rainfall  at  Red  Bluff  November  1,  1912,  to  October  81,  1913,  1.16  feet, 

TABLE    No.   8. 
Summary  of  Results  of  Alfalfa  Duty  of  Water  Investigations,  Los  Molinos  Area,  1914. 


Name 


E.  A.  Bundy,  No.  1. 
£.  A.  Bundy,  No.  2. 
O.  W.  Chambers... 

G.  B.  Engle 

G.  H.  Geer 

J.  P.  Hofhenke 


S.  B.  Reece 

A.  Wigno  

H.  N.  Woodward. 

Averages 


Soil  type 


Silt,   clay   loam 

Silt   loam    

Gravelly    clay    loam 

Light  gravelly  clay  loam. 
Clay  loam  


Area, 
aorea 


5^ 

fa 


iSilt   loam   

Silt   loam   

Clay  loam  

Silt  loam   

Silt,    clay    loam 


8.97 

4.81 

3.08 

28.85 

9.21 

18.27 

11.82 

13.60 

6.70 

9.08 


4 
4 
6 
6 
4 
4 
4 
4 
4 
4 


m 


2.84 
4.10 
1.42 
8.46 
6.56 
8.46 
6.55 
6.47 
6.08 
8.9d 


Hi 


5 
6 
6 
5 
5 
5 
6 
6 
5 
5 


5.78 
8.40 
4.44 
4J3 
6.08 

6.75 


Note.— Rainfall  November  1,  1913,  to  October  31.  1914,  2.74  feet. 


DESCRIPTIONS  OF  FIELDS  IN  THE  LOS  MOLINOS  AREA  AND  COMMENTS  ON 

IRRIGATION    CONDITIONS    AND    PRACTICES. 

E.  A,  Bundy  Field  No.  1.  Seeded  in  1911.  Stand  of  alfalfa  fair.  Field  divided 
into  seven  border  checks  80  to  90  feet  by  G30  feet,  with  average  grade  of  four  inches 
in  100  feet.  Slope  across  some  of  checks  is  uneven,  giving  unequal  distribution  of 
water  over  surface.  Small  irrigation  heads,  ranging  from  one  and  one-half  to  two 
cubic  feet  per  second,  used,  requiring  more  than  two  days  to  complete  irrigation. 
Increased  yields  could  have  been  obtained  by  better  management,  particularly  by 
cutting  alfalfa  at  proper  time. 

E.  A.  Bundy  Field  No.  2.  Seeded  in  1909.  Stand  of  alfalfa  good.  Field  divided 
into  two  parts  by  distributing  ditch  and  every  30  to  40  feet  cuts  made  in  ditch 
bank  through  which  water  passes  to  field.     Distribulion  not  uniform  over  surface, 
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owing  to  high  spots.     Irrigation  heads  of  one  to  two  cubic  feet  per  second  applied 
once  after  each  cutting,  except  fifth. 

R,  IV.  Ballard  Field,  Seeded  in  1907.  Stand  fair  but  becoming  thin  in  scattered 
spots.  Field  has  not  been  checked  and  is  irrigated  by  flooding  from  field  ditches, 
which  gives  an  unequal  distribution.  Irrigation  head  usually  two  and  one-half  to 
three  and  one-half  cubic  feet  per  second.  Amount  of  water  used  on  this  field  could 
be  reduced  materially  by  preparing  the  land  in  border  checks.  Several  crops 
damaged  by  grasshoppers. 

Q.  B.  Engle  Field,  Seeded  in  1911.  Stand  of  alfalfa  fair  but  field  rather  poorly 
prepared  for  irrigation.  Irrigation  head  of  one  to  two  cubic  feet  per  second 
divided  into  one  or  two  checks  varying  greatly  in  size  but  averaging  about  30  by  300 
to  600  feet     Grasshoppers  reduced  yield  in  1913. 

O.  U,  Geer  Field,  Seeded  in  1908.  Field  had  excellent  stand  of  alfalfa  and 
considerable  care  exercised  in  preparing  for  irrigation.  Border  checks  of  60  feet 
by  310  feet  with  average  grade  of  about  three  inches  in  each  100  feet.  Usual  practice 
was  to  turn  about  five  cubic  feet  per  second  into  one  or  two  checks.  Excessive  use 
of  water  due  largely  to  the  irrigator  and  abundance  of  water. 

8.  B,  Reece  Field.  Seeded  in  1908.  Field  had  fair  stand  of  alfalfa  but  not 
very  well  prepared.  Checks  rectangular,  ranging  from  about  one-fifth  to  three- 
fourths  acre  in  extent.  Average  irrigation  head  of  five  cubic  feet  per  second  divided 
among  two  or  three  checks.  Field  was  leased  to  tenants  who  did  not  exercise  the 
best  of  care  in  applying  water  or  in  handling  crop. 

J.  H,  Hofhenke  Field.  Seeded  in  1911.  Stand  excellent  and  land  well  prepared 
in  border  checks  40  feet  by  400  to  450  feet,  with  average  grade  of  five  inches  per 
100  feet.     Usually  five  cubic  feet  per  second  was  divided  between  two  checks. 

A.  Wigno  Field.  Seeded  in  1011.  Stand  of  alfalfa  good,  but  land  not  very  well 
prepared  -for  irrigation.  Field  irrigattKl  by  flooding  from  field  ditches,  head  varying 
from  four  to  five  cubic  feet  per  second. 

John  Rissc  Field.  Seeded  in  VM).  One  of  the  oldest  fields  in  the  area  and  stand 
becoming  thin.  Field  irrigated  by  flooding  from  field  ditches  with  average  head  of 
five  cubic  feet  per  second.  Distribution  of  water  not  uniform  owing  to  slight 
irregularities  in  ground  surface. 

H.  y.  Woodurard  Field.  Seeded  in  1911.  Stand  good  and  land  very  well  pre- 
pared for  irrigation,  except  about  one-fourth  acre  in  northwest  comer  of  field. 
Average  irrigation  head  of  five  cubic  feet  per  second  usually  divided  between  two 
border  checks  60  feet  by  330  feet. 

O.  TV.  Chambers  Field.  Seeded  in  1911.  Stand  good  and  field  well  prepared  in 
border  checks  50  feet  by  500  to  (KK)  feet,  with  average  grade  of  about  two  inches 
per  100  feet.  Usually  head  of  about  one  cubic  foot  per  second  turned  into  a 
single  check. 

Orland  Area. 

InveBtigatioDs  were  conducted  on  five  farms  in  the  Orland  area  in 
1913  and  on  eight  farms  in  1914,  one  of  the  latter,  however,  being  part 
of  one  of  the  fields  studied  in  1913.  (Pig.  9.)  All  of  these  fields  lie 
within  the  Orland  project  of  the  Reclamation  Service  and  the  project 
manager  assisted  materially  in  the  conduct  of  the  work. 

The  Orland  project  comprises  about  20,000  acres  in  Glenn  and 
Tehama  counties,  of  which  7,354  acres  were  irrigated  in  1914.  The 
average  rainfall  at  Orland  is  19.23  inches.^  Irrigation  water  is  obtained 
by  the  Orland  project  from  Stony  and  Little  Stony  creeks,  the  direct 
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flow  being  used  when  available  in  the  early  season,  and  storage  at  East 
Park  Reservoir  on  Little  Stony  Creek  being  drawn  on  later.  During 
the  seasons  of  1913  and  1914,  owing  to  the  fact  that  the  project  had 
not  been  opened  formally  by  the  Secretary  of  the  Interior,  irrigatioii 
water  was  supplied  at  a  flat  rate  of  $2  per  acre.  The  land  in  the  pro- 
ject, as  thug  far  irrigated,  is  largely  of  gravelly  nature,  which,  with 
an  average  slope  toward  the  southeast,  of  10  to  15  feet  to  the  mile, 
supplied  adequate  drainage.  Owing  to  the  gravelly  character  of  the 
land  under  irrigation,  up  to  the  end  of  1914,  when  more  land  was 
taken  in,  it  was  found  impractical  to  trace  the  underground  movement 
of  the  irrigation  water  applied,  with  the  exception  of  the  O'Hair  farm, 

R.5W.  RZW^  on  which  observations  of  this 

nature  were  made  in   both 

1913  and  1914.  All  measure- 
ments of  use  in  the  investi- 
gations were  made  by  means 
of  CipoUetti  or  rectangular 
weirs,  and  automatic  regis- 
ters were  installed  on  six  of 
the  farms.  All  of  the  land 
in  the  Orland  project  is  in 
private  ownership.  '  Up   to 

1914  the  average  individual 
cropped  area  was  22  acres. 
Alfalfa,  the  only  crop  cov- 
ered in  the  investigation,  is 
the  principal  crop  grown, 
although  practically  all  of 
the  fruits  raised  in  Cali- 
fornia are  grown  commercially  to  more  or  less  extent  in  this  project. 

The  total  depth  of  water  applied  in  1914,  as  indicated  in  tables 
Nos.  9  and  10,  is  greater  than  that  applied  in  1913,  due  to  a  larger 
supply  being  available.  The  yields  were  larger  in  1914  than  in  1913, 
due  both  to  this  increased  supply  and  probably  also  to  the  very  much 
larger  rainfall  in  1914.  The  widest  variation  in  relation  between  the 
amount  of  water  applied  and  the  crop  yield  occurred  on  the  Lawton 
farm,  where  4.29  acre-feet  of  irrigation  water  per  acre  and  .82  foot  of 
rainfall  produced  5.29  tons  of  alfalfa  in  1913,  whereas  9.59  acre-feet 
of  irrigation  water  and  2.39  feet  of  rainfall  in  1914  increased  the  yield 
over  1913  only  about  10  per  cent.  Soil  moisture  determinations  are 
not  necessary  in  cases  of  this  kind  to  indicate  the  needless  waste  of 
applying  so  much  water  as  was  applied  to  the  Lawton  field  in  1914. 
Fortunately  the  excessive  use  in  1914  was  but  the  temporary  practice 
of  a  renter. 


Fig.  9. — Map  of  Orland  area  showing  location  of 
alfalfa  fields  under  investigation,  1913  and  1914. 
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The  tracing  of  the  underground  distribution  of  the  irrigation  water 
applied  in  the  Orland  area  was  confined  to  the  0*Hair  field  (Fig.  10), 
the  other  fields  being  eliminated  from  this  work  because  of  the  gravelly 
nature  of  the  soil.  The  soil  of  the  O'Hair  tract  lies  near  the  border 
line  between  a  silt  loam  and  clay  loam  and  is  somewhat  impregnated 
with  fine  gravel  at  a  depth  of  three  to  five  feet,  a  coarser  gravel  being 
sometimes  encountered  at  a  depth  of  about  eight  feet. 


^7PA/(i/frS^OK^A^UA{t Pf/V^^A/rs  miT/N<f  /%P//V7-(W11J1NG  COEFFIOENT) 
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Pig.  10. — Diagram   showing   seasonal   variation   in   soil   moisture  percentage,    O'Hair  alfalfa 

field,  Orland,  1914. 

Owing  to  changing  from  the  sun-dried  to  the  oven-dried  method  of 
making  moisture  determinations,  the  work  of  this  nature  in  1913  was 
not  conclusive.  The  field  received  three  irrigations  in  1914  and  nine 
borings  for  moisture  determinations  were  made  to  a  depth  of  six  feet 
before  and  after  each  irrigation.    In  the  first  irrigation  a  depth  of 
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6.24  inches  was  applied,  of  which  the  upper  six  feet  retained  3.58  acre- 
inches  per  acre,  or  57  per  cent  of  the  amount  applied.  Of  this  about 
one-half  was  retained  in  the  surface  foot.  At  the  second  irrigation  a 
depth  of  3.18  inches  was  applied,  of  which  2.11  acre-inches  per  acre, 
or  66  per  cent,  was  retained  in  the  upper  six  feet,  nearly  two-thirds  of 
this  remaining  in  the  surface  foot.  In  the  third  irrigation,  a  depth  of 
3.24  inches  was  given,  of  which  approximately  two-thirds  remained  in 
the  upper  six  feet,  nearly  all  of  this  remaining  in  the  aurface  foot. 

The  striking  condition  brought  out  by  the  moisture  borings  in  the 
O'lTair  Meld  was  that,  while  the  percentage  of  the  irrigation  water 
{ipplied  retained  in  the  soil  decreased  with  the  depth,  the  amount  of 
moisture  in  the  soil  before  irrigations  actually  increased  with  the  depth, 
apparently  due  to  the  capillary  rise  of  ground  water,  which  stood  seven 
to  nine  feet  below  the  surface.  As  a  whole,  the  moisture  percentages 
in  the  upper  three  feet  of  soil  did  not  vary  widely  from  the  amount 
necessary  to  prevent  wilting,  and  below  three  feet  it  was  at  all  times 
well  above  the  wilting  point. 


TABLE    No.  9. 
Summary   of   Results  of  Alfalfa    Duty  of  Water   Investigations,  Orland   Area,   1913. 


Nurne 


SoUtyiM 


David  Brown  — 

C.  E.  FeUersoii 


Gravelly   clay   loam 

Coarse  srravel  Impregnated 

with  silt  and  wash  loam 
H.  M.  Lawton '  Coarse  gravel  Impregnated 

with   loam   i    18.61 


Boy  O'HaIr  .. 
A.  O.  Spence.. 


Silt   loam   I     84.20 

Coarse  gravel  Impregnated 
with  silt  and  wash  loam       8.09 


Averages,  not  counting  field 
Injured  by  caterpillars.. 


3.66 


6.11 


'Fourth  crop  destroyed  by  caterpillars. 

'Only  four  crops  cut,  due  to  shortage  of  water. 

Note. — Rainfall  November  1,  1912.  to  October  31,  1913,  0.82  foot. 
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TABLE   No.   10. 
Summary  of   Results  of  Alfalfa   Duty  of   Water   Investigations,  Orland   Area,    1914. 


Name 


SoUtjpe 


Area, 
acres 


Darid  Brown  

R.  V.  Brantley 

O.   £.  Fellerson.. 


H.  M.  Lawton 

S.   F.  NIdioDs 

J.   £.  Honand 


Boy  O'Halr  .. 
A.  C.  Spenoeu. 


ATerases,  not  countfaiff 
fields  partially  or  wholly 
pastured   .......^-.^..i^.. 


Gravelly   clay   lonni 76.45 

Clay  loam  7.75 

Coarse  gravel  Impregnated 

with  silt  and  wash  loam  14.79 
Coarse  gravel  Impregnated 

with   loam   18.61 

Coarse  gravel  Impregnated  | 

with  silt  and  wash  loam.!  16.66 
Coarse  gravel  impregnated  i 

with   loam   87.00 

Silt  loam    84.20 

Coarse  gravel  Impregnated 

with  silt  and  wasb  loam.     27.70 


7 
18 

8 

IS 

9 

13 
3 

10 


5.04 
4.08 

2.59 

9.fi9 

8.25  < 

7.56 
1.04 

5.66 


6 
5 


5 
«4 

Pasture 


m 

!    I 

6.49 
6.18 

6.87 

5.84 

6.26 

6.26 

7.17 


5.76 


5.92 


'Crop  pastured  after  fourth  cuttinir> 

NOTB.— Rainfall  November  1,  1913.  to  October  31,  1914,  2.39  feet 

DESCRIPTIONS  OF  FIELDS   IN  ORLAND  AREA  AND  COIMMENT8  ON 
IRRIGATION   CONDITIONS  AND   PRACTICES. 

David  Brown  Field,  Seeded  in  1909.  Land  in  contours,  average  difference  of 
elevation  between  checks  being  seven  inches.  In  many  places  uneven  grading  was 
cause  of  scattering  and  poor  growth  of  alfalfa.  Variation  in  character  of  soil  also 
had  a  marked  effect  upon  yield,  particularly  in  south  half  of  field,  where  soil  is 
compact  and  in  spots  quite  impervious  to  water.  Average  head  of  water  delivered 
varied  from  four  to  eight  or  nine  cubic  feet  per  second,  divided  so  that  about  one 
to  two  cubic  feet  per  second  was  used  on  each  check.  Seven  irrigations  given  each 
year,  1914  showing  slight  increase  in  total  application  over  1913. 

H.  F,  Brantley  Field,  Seeded  in  1912.  Stand  of  alfalfa  fair.  Field  in  square 
diecks  having  average  length  and  width  of  about  150  feet.  The  compact  clay  loam 
soil  is  typical  of  the  project,  requiring  light,  but  frequent,  irrigations.  Water 
applied  every  eight  or  ten  days  throughout  irrigation  season,  with  total  of  18 
applications.  Average  amount  of  water  applied  each  time  was  a  little  less  than 
three  acre-inches  per  acre.  Soil  sampling  showed  that  in  some  parts  of  the  field 
water  penetrated  only  from  12  to  15  inches,  while  in  other  parts  there  was  a  fairly 
uniform  moisture  distribution  to  depth  of  six  feet.  A  short  growth  of  alfalfa 
always  showed  spots  where  moisture  was  deficient. 

Fellerson-NicholU  Fields,  Seeded  in  1909.  In  1913  this  tract  was  subdivided, 
the  east  half  being  purchased  by  E.  F.  Nicholls,  so  that  in  1914  records  were  kept 
of  each  piece  separately.  Stand  of  alfalfa  good.  Field  originally  prepared  iu  border 
chedu  20  to  40  feet  by  100  to  1,400  feet,  but  by  constructing  a  new  bend  ditch 
through  middle  of  field  the  maximum  length  of  checks  was  reduced  to  700  feet. 
Average  irrigation  head  varied  from  five  to  seven  cubic  feet  per  second,  divided  into 
two  or  three  checks.  The  greater  use  of  water  on  Nicholls  field  is  attributed  largely 
to  lack  of  experience  of  the  irrigator. 

H.  M.  Lawton  Field.  Stand  of  alfalfa  good.  Field  in  square  checks  averaging 
aboat  one-fifth  acre  each.  The  soil  of  this  tract  is  so  well  aerated  and  drained  that 
irrigation  can  be  followed  almost  immediately  by  the  mower.  Field  irrigated  13 
times  in  1914  at  intervals  of  12  to  14  days,  with  average  irrigation  head  of  10  to 
12  cubic  feet  per  second.  Persons  who  rented  this  field  in  1914  were  careless  in 
liandling  water  and  used  more  than  necessary. 

18— 27836a 
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J,  E.  Holland  Field.  Seeded  in  1910.  This  field  lies  immediately  west  of  Lawton 
field  and  has  good  stand.  Field  was  irrigated  about  every  14  days  with  average 
head  of  9  to  11.5  cubic  feet  per  second  turned  into  one  or  two  checks  having  an 
average  area  of  one-fifth  acre.  This  proved  the  most  economical  way  of  applying 
water.  Field  is  so  well  drained  and  soil  so  porous  that  the  water  of  an  irrigation 
immediately  disappears;  it  was  not  unusual  for  owner  to  cut  alfalfa  within  a  half 
day  after  water  was  applied. 

Roy  O'Hair  Field,  Seeded  in  1910.  Stand  excellent.  Field  in  border  checks 
about  40  feet  by  300  to  1,250  feet,  with  average  grade  of  2^  to  8i  inches  in  100  feei. 
Average  irrigation  head  of  7)  cubic  feet  per  second  was  turned  into  two  or  three 
checks.  During  1914  water  table  was  five  to  six  feet  below  surface,  but  in  the 
previous  year  was  at  depth  of  eight  feet.  It  was  customary  to  irrigate  this  field 
once  after  each  cutting,  but  in  1914  owner,  being  afraid  of  the  rising  water  table, 
irrigated  only  three  times  in  the  season.     Fifth  crop  of  alfalfa  was  pastured. 

A.  O.  Spenoe  Field,  Seeded  in  1912.  Stand  of  alfalfa  fair.  Field  in  checks 
about  100  feet  square  so  arranged  in  relation  to  field  ditches  that  an  irrigation  head 
of  five  to  eight  cubic  feet  per  second  can  be  admitted  directly  into  each  check. 
Owing  to  the  extreme  porosity  of  soil,  there  was  little  growth  of  alfalfa  on  any  part 
of  field  except  that  actually  receiving  water  at  each  irrigation.  Two  years  studies 
on  this  tract  showed  that  unless  at  least  five  cubic  feet  per  second  is  turned  on  a 
check  of  coarse  gravelly  soil,  much  of  water  will  be  lost  through  percolation  before 
check  is  covered. 
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Willows  Area. 

Investigations  were  conducted  in  this  area  on  six  farms  in  1914,  of 
which  five  received  water  from  Central  Canal.  (Fig.  11.)  The  work 
was  confined  to  certain  heavy  types  of  soil  not  represented  in  the  in- 
vestigations elsewhere 
in  the  valley  and  work 
was  hardly  under  way 
in  1914  before  the 
fact  was  revealed  that 
much  diflSculty  was 
being  experienced  in 
getting  water  to  pene- 
trate the  soil.  The 
heavy  soils  encoun- 
tered are  classified  in 
the  Soil  Survey  as 
Tehama  clay  and  clay  loam.*  These  soils  are  all  of  compact  structure 
and  inclined  to  be  refractory,  very  sticky  when  wet,  and  subject  to  hard 
baking  in  drying.  In  local  areas,  drainage  is  poor  and  in  winters  of 
heavy  rainfall  considerable  damage  is  done  to  alfalfa  fields  by  standing 
water.  In  some  cases  in  1914  it  was  found  immediately  after  irrigation 
that  water  which  irrigators  supposed  was  penetrating  sufSciently  deep 
to  meet  all  water  requirements  of  the  plants  was  in  fact  penetrating  to 
depths  of  only  10  to  12  inches  below  the  surface. 


Fig.  11. — Map  of  Willows  area  showing  location  of  alfalfa 
fields  under  investigation,  1914  and  1915. 


„    *U.  S.  Dept.  Agr.,  Bureau  of  Soils,  Reconnolasance  Soil  Survey  of  the  Sacramento 
Valley,  California. 
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The  average  rainfall  at  Willows,  over  a  three-year  period  only,  is 
16.55  inches.^  Water  carried  by  Central  Canal  is  obtained  by  pumping 
from  Sacramento  River,  except  that  in  the  spring  and  early  summer  the 
supply  comes  from  the  flood  flow  of  Stony  Creek.  In  1914  the  charge 
for  water  was  90  cents  per  acre  and  in  1915  it  was  $1.50  per  acre, 
regardless  of  time  and  amounts  of  application.  In  general,  the  border 
method  of  preparing  land  for  alfalfa  has  been  followed  here,  the  checks 
usually  being  30  to  60  feet  wide  and  400  to  800  feet  long,  with  a  drain 
ditch  usually  provided  in  the  best  fields  at  the  lower  ends  of  the  checks. 
Heads  of  water  delivered  to  the  irrigators  ranged  from  three  to  seven 
cubic  feet  per  second.  In  1914  there  was  no  uniformity  in  the  number 
of  applications  given  alfalfa,  some  watering  four  times  and  others 
ten  times. 

The  difSculty  encountered  in  obtaining  sufScient  moisture  penetra- 
tion in  the  heavy  Willows  soils  in  1914  suggested  the  desirability  of  a 
continuation  of  the  investigations  through  the  season  of  1915  under 
conditions  that  would  be  typical,  and  where  it  would  be  possible  to  vary 
the  method  and  time  of  application.  Accordingly,  a  suitable  field  was 
selected  five  and  one-half  miles  northeast  of  Willows,  and  while  this 
work  was  going  on  at  this  field,  observations  of  use  alone  also  were 
made  on  four  other  fields,  as  reported  in  Table  No.  12. 

As  compared  with  the  amounts  of  water  used  and  the  result  in  yields 
of  alfalfa  on  the  other  farms  under  observation  in  the  valley  during 
these  investigations,  both  the  use  and  the  yields  on  the  soils  under 
observation  about  Willows  were  low — an  average  use  of  1.83  acre-feet 
of  water  per  acre  and  an  average  yield  on  six  farms  in  1914  of  4.82 
tons  per  acre.  It  is  to  be  noted  from  tables  Nos.  11  and  12  that  in 
no  case  was  more  than  1.97  acre-feet  of  water  applied,  and  that  in  no 
case,  so  far  as  measured,  did  the  yields  obtained  exceed  5.39  tons  per 
acre.  The  reasons  for  these  results  are  not  difiScult  to  find  when 
account  is  taken  of  the  soil  moisture  determinations  made  in  1914  on 
the  Purdy,  Tuttle,  and  Pine  fields,  and  in  1915  on  the  special  experi- 
mental field  northeast  of  Willows. 

Purdy  Field.  The  soil  in  this  field  is  classed  as  Tehama  clay  and  is 
unusually  compact.  The  field  was  irrigated  four  times  in  the  season. 
Three  borings  for  soil  moisture  determinations  were  made  before  and 
after  the  first  irrigation,  eight  before  and  after  the  second  irrigation, 
and  six  before  and  after  the  third  and  fourth  irrigations.  Of  the  7.08 
inches  in  depth  applied  in  the  first  irrigation  about  12  per  cent  entered 
and  was  retained  in  the  upper  three  feet  of  soil,  of  which  about  11  per 
cent  was  in  the  upper  foot.  In  other  words,  practically  no  moisture 
penetrated  below  12  inches.    In  the  second  irrigation  a  depth  of  4.56 
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inches  was  applied,  nearly  all  of  which  penetrated  the  soil  and  of  which 
about  45  per  cent  remained  in  the  upper  foot.  In  the  third  irrigation 
a  depth  of  4.80  inches  was  applied,  of  which  approximately  one-third 
remained  in  the  upper  foot,  with  no  increase  below  the  second  foot 
The  moisture  determinations  before  and  after  the  fourth  and  last  irri- 
gation, when  a  depth  of  3.84  inches  was  applied,  indicated  that  the  soil 
became  more  impervious  to  water  as  the  season  advanced,  for  about 
66  per  cent  of  the  amount  applied  was  retained  in  the  first  foot,  with  no 
significant  increase  below  that. 

In  comparing  the  amount  of  moisture  in  the  surface  foot  of  soil  in 
this  field  with  the  amount  necessary  to  maintain  plant  growth  without 
witling  (Fig.  12),  it  is  found  that  the  variation  was  from  three  or  four 
per  cent  below  to  five  or  six  per  cent  above  that  amount  through  the 
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season.  At  no  time  in  the  season  was  the  moisture  percentage  in  the 
second  and  third  foot  sections  sufficient  in  itself  to  prevent  wilting, 
averaging  about  four  per  cent  below,  but  at  depths  of  four  to  six  feet 
there  was  almost  enough  to  do  so. 

The  most  rapid  growth  of  alfalfa  in  this  field  occurred  during  May, 
when  the  second  crop  was  being  produced.  After  this  the  rate  of 
growth  decreased  continuously,  until  at  the  time  of  the  fourth  crop. 
These  facts  as  to  growth,  taken  with  the  low  yield,  add  to  the  evidence 
that  the  crop  suffered  through  failure  of  the  irrigation  water  to  pene- 
trate the  soil  below  the  first  foot  or  two. 

Tuttle  Field.  The  soil  is  similar  to  that  of  the  Purdy  field,  but 
slightly  coarser  in  texture  and  a  little  more  open  and  permeable.  Mois- 
ture determinations  were  made  from  ten  borings  before  and  after  the 
second  irrigation  and  from  nine  before  and  after  the  third  irrigation,  a 
depth  of  4.08  inches  being  applied  in  the  first  case,  and  of  4.16  inches 
in  the  second  and  third.  At  the  second  irrigation  93  per  cent  of  the 
water  applied  was  found  to  enter  the  first  three  feet  of  soil,  about  one- 
half  being  retained  in  the  first  foot.  In  the  third  irrigation  44  per  cent 
was  retained  in  the  first  six  feet,  three-fourths  of  which  remained  in  the 
first  foot. 

Pine  Field.  The  soil  in  this  field  is  classed  as  Willows  clay  adobe, 
which  was  found  to  be  less  impervious  to  water  than  the  Tehama  clay 
of  the  Purdy  and  Tuttle  fields,  and  less  difficult  to  handle.  Moisture 
determinations  were  made  from  six  borings  before  and  after  each  of 
the  second,  fourth  and  sixth  irrigations,  the  depth  of  ^vater  applied  at 
these  irrigations  having  been  2.40,  3.72,  and  4.32  inches,  respectively. 
At  the  second  irrigation  all  of  the  water  appeared  to  be  held  in  the 
first  six  feet,  with  approximately  one-half  retained  in  the  first  foot. 
Of  the  fourth  irrigation  about  60  per  cent  entered  the  upper  six  feet, 
and  of  this  49  per  cent  remained  in  the  surface  foot.  In  the  case  of  the 
sixth  irrigation  90  per  cent  was  found  to  enter  the  upper  six  feet,  of 
which  nearly  one-half  again  remained  in  the  surface  foot. 

Experiments  in  1915. 

In  continuing  the  study  on  a  typical  field  in  1915  the  plan  adopted 
was  to  give  equal  total  applications  of  irrigation  water  to  all  plats  under 
observation,  but  to  vary  the  time,  depth,  and  frequency  of  irrigations. 
The  land  used  in  the  experiment  \vas  furnished  rent  free  by  the  local 
irrigation  company,  together  with  irrif?ation  water,  while  this  office 
met  the  full  expense  of  the  field  investip:ation.  The  field  utilized  in  this 
study,  with  roadways  and  main  canal  eliminated,  comprised  8.75  acres 
of  alfalfa  divided  into  21  border  checks  60  feet  by  300  feet,  with  an 
average  grade  of  four  inches  per  100  feet,  and  with  an  average  area 
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per  check  of  0.42  acre   (Pig. 
13.)     A  drain  ditch  parallel 
with  the  head  ditch  cared  for 
surface  run-oflE  from  the  lower 
ends  of  the  checks.     The  al- 
falfa was  seeded  in  1911,  fol- 
lowing  many   years   of    dry 
grain  cropping,  and  while  the 
stand   was  not   good  at  the 
time  of  these  experiments,  it 
was  one  of  the  best  that  conld 
be  found  on  the  compact  soils 
of  the  neighborhood,  and,  in 
general,  was  representative  of 
many    alfalfa    fields    of    the 
locality.     At  the  lower  ends 
of  the  checks  small  areas  of 
alfalfa  had  been  killed  in  pre- 
vious years  by  standing  water, 
and  these  small  areas  and  a 
considerable  number  of  bare 
places  on  the  levees  and  parts 
of  the  checks  where  the  stand 
was  comparatively  thin  were 
partially  responsible  for  the 
low  yields  obtained.     Except 
for  the  wide  distances  between 
the  check  levees,  the  field  was 
well  prepared  for  irrigation. 
The  soil  in  this  field,  which 
is  classed  as  a  Tehama  clay 
loam,  is  grayish  in  color  and 
of  compact  structure  and  re- 
fractory nature.    When  wet  it 
is  sticky,  and  upon  drying  be- 
comes very  hard,  but  does  not 
check   or   crack.     It  is  free 
from  both  hardpan  and  gravel 
and  little  difference  is  notice- 
able between  the  soil  and  sub- 
soil.    This  type  of  soil  was 
selected  because  the  soil  sur- 
vey maps  indicate  the  pres- 
ence  of   about  45,000  acres 
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of  it  in  Sacramento  Valley,  very  largely  east  of  Willows  in  the  area 
sorronnding  this  field. 

The  amount  of  water  used  on  each  of  the  plats  during  the  season  was 
two  acre-feet,  an  average  irrigation  head  of  2.82  cubic  feet  per  second 
being  generally  divided  between  two  checks,  although  various  other 
sizes  of  heads  were  tried.  One-third  of  the  twelve  checks  under  observa- 
tion were  irrigated  with  a  depth  of  six  inches,  once  for  each  cutting 
except  the  last,  one-third  received  two  three-inch  irrigations  between 
cuttings  applied  just  before  and  just  after  the  crop  was  removed,  and 
one-third  received  three  two-inch  irrigations,  at  intervals  of  about  12 
days.  (Plate  II,  Fig.  1.)  All  of  the  water  entering  the  field  was  meas- 
ured by  a  2i-foot  rectangular  weir  and  automatic  register.  (Plate  II, 
Pig.  2.) 

For  the  purpose  of  increasing,  if  possible,  the  perviousness  of  the 
soil  to  water,  two  checks  were  treated  with  ground  limestone  at  the 
beginning  of  the  season  at  the  rate  of  four  tons  per  acre.  It  was  not 
expected  that  these  checks  would  show  much  change  the  first  year 
and  they  did  not.  The  largest  annual  yield  of  alfalfa,  5.07  tons  per 
acre,  was  obtained  from  the  checks  receiving  three  two-inch  irrigations 
per  cutting,  an  increase  of  18  per  cent  over  the  lowest  yields,  4.42  tons 
per  acre,  being  secured  from  the  checks  that  received  two  three-inch 
irrigations  per  cutting,  and  lowest  yield,  4.29  tons  per  acre,  coming 
from  the  checks  irrigated  with  one  six-inch  irrigation  per  cutting. 

While  the  above  increases  of  yield  indicate  the  desirability  of  more 
than  one  irrigation  per  cutting,  the  differences  in  the  one  season  of 
investigations  were  not  great.  It  was  evident  to  those  in  the  field, 
however,  that  the  more  frequent  the  application  of  water,  the  better 
the  moisture  condition  of  the  soil.  Borings  for  soil  moisture  deter- 
minations were  difficult,  except  immediately  after  irrigations,  and 
even  then  difficulty  was  encountered  below  the  first  foot  of  soil.  Includ- 
ing the  12  plats,  a  total  of  3,408  moisture  determinations  were  made 
before  and  after  irrigations,  and  while  the  chief  value  of  these  is  in 
the  larger  understanding  they  give  of  the  character  of  these  compact 
soils,  especially  with  reference  to  the  permeability  to  irrigation  water, 
they  substantiate,  to  the  extent  reasonably  to  be  expected,  the  better 
results  due  from  the  more  frequent  applications  of  irrigation  water. 

In  order  to  gain  an  idea  of  the  root  development  of  the  alfalfa  in 
this  field  a  hole  about  six  feet  square  and  three  feet  deep  was  exca- 
vated. This  also  afforded  a  good  view  of  the  cross  section  of  the 
soil  formation.  The  roots  of  the  plants  were  carefully  removed.  It 
was  found  that  the  taproots  of  the  alfalfa  were  not  over  one-half  inch 
in  diameter  and  did  not  extend  below  a  depth  of  three  feet.  The 
main  mass  of  the  roots  was  concentrated  in  the  upper  two  feet  of 
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soil.  The  fact  that  the  greater  part  of  the  alfalfa  plants  in  this 
particular  6eld  are  shallow-rooted  is  attributed  largely  to  the  compact 
structure  of  the  soil,  makiug  moisture  penetration  difficult. 

After  removing  the  soil  for  root  examination  some  rather  surprising 
results  were  found  in  tests  made  by  filling  the  hole  from  which  they 
came  with  water  and  noting  the  time  required  for  downward  and 
lateral  percolation.  Twenty-four  hours  after  the  hole  had  been  filled 
to  a  depth  of  three  feet  there  remained  in  the  hole  two  feet  of  water. 
Two  weeks  later  there  still  remained  one  foot.  Holes  two  inches  in 
diameter  and  four  feet  deep  bored  12  inches  away  from  the  large 
test  hole  showed  no  lateral  percolation.  In  holes  bored  six  inches 
from  the  test  hole  a  alight  amount  of  water  had  seeped  through  after 
12  hours.  Later  another  hole  was  excavated  in  a  difEerent  part  of 
the  field  and  similar  trials  made,  practically  the  same  results  being 
secured  as  in  the  first  test.  These  tests  serve  to  show  the  impermeability 
and  peculiar  physical  conditions  of  the  soil  represented  in  tbia  field. 

feitigatloiK,   WINow*   Area.   1914. 
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DESCRIPTIONS   Or   FIELDS    IN    THE   WILLOWS    AREA   AND    COMMENTS   ON 

IRRIGATION   CONDITIONS  AND  PRACTICES. 

P.  8.  Cook  Field,  Seeded  in  1912.  Stand  thin  in  spots  bat  compares  rather 
favorably  with  other  fields  in  the  vicinity.  Field  irregular  in  shape  and  is  divided 
into  border  checks  40  to  80  feet  wide  and  from  200  to  700  feet  in  length,  with  average 
grade  of  3  inches  per  100  feet  An  irrigation  head  of  3.5  to  6  cubic  feet  per  second 
divided  between  two  and  four  checks.  Miscellaneous  borings  after  irrigation  showed 
little  moisture  below  a  depth  of  12  to  15  inches. 

C  F.  Ooo$  Field,  Seeded  in  1911.  Stand  comparatively  good.  Land  in  border 
checks  40  feet  by  000  feet  with  average  grade  of  12  inches  per  100  feet.  Grade  is 
excessive  for  heavy  soil  found  here.  Average  heads  of  five  to  six  cubic  feet  per 
second  divided  into  two  or  four  checks.  Much  care  used  in  irrigating  and  only 
enough  water  added  to  reach  lower  end  of  checks  without  surface  waste. 

L.  E.  Tuiile  Field.  Seeded  in  1907.  Stand  is  among  the  best  in  area.  Field  has 
not  been  checked,  irrigation  being  carried  on  by  flooding  from  field  ditches  200  feet 
apart  Portable  canvas  check  gates  are  used  to  back  up  water  in  field  ditches  and 
are  80  placed  that  water  spreads  over  a  distance  of  about  200  feet  at  one  time.  Heads 
of  four  to  seven  cubic  feet  per  second  were  divided  into  two  ditches. 

V.  E.  Breeze  Field.  Seeded  in  1907.  This -field  had  been  utilized  for  pasture  for 
several  seasons  and  stand  was  rather  poor.  Contour  method  used,  checks  ranging 
from  three-fourths  acre  to  two  acres.  Distribution  of  water  over  field  uneven 
owing  to  poor  grading.  Average  head  of  three  cubic  feet  per  second  used  and  some- 
times divided  into  three  or  more  streams. 

James  Purdy  Field.  Seeded  in  1912.  Stand  uneven  and  has  been  damaged  in 
various  spots  by  water  standing  on  surface  and  poor  drainage.  Land  in  border 
checks  30  feet  by  650  feet  with  average  grade  of  about  two  inches  per  100  feet 
Heads  of  two  or  four  cubic  feet  per  second  were  used,  one  cubic  foot  per  second 
nsaally  being  turned  into  each  check.  Despite  the  fact  that  small  heads  were  per- 
mitted to  run  a  long  time  over  the  land,  it  was  difficult  to  place  any  appreciable 
amount  of  water  below  a  depth  of  12  to  15  inches. 

W.  B.  Pine  Field.  Seeded  in  1913.  Stand  good  and  land  well  prepared  in  border 
checks  30  feet  by  400  feet,  with  average  grade  of  about  nine  inches  i>er  100  feet 
Water  was  obtained  from  small  pumping  plant  and  an  average  flow  of  .3  to  .45  cubic 
foot  per  second  was  turned  into  a  single  check.  Moisture  determinations  showed 
that  a  more  uniform  distribution  of  water  probably  could  be  attained  either  by 
increasing  the  discharge  from  the  well  or  by  reducing  the  length  of  the  checks. 

George  Cooper  Field.  Seeded  in  1914.  Stand  comparatively  good  and  land  fairly 
well  prepared  in  border  checks  40  feet  by  622  feet,  with  average  grade  of  five  inches 
per  100  feet  An  average  head  of  one  and  one-half  cubic  feet  per  second  was  turned 
into  a  single  check. 

H.  J.  Syhee  Field.  Seeded  in  1913.  Stand  not  uniform,  there  being  small  areas, 
especially  at  lower  end  of  checks,  where  crop  has  been  drowned.  Land  is  in  border 
checks  40  feet  by  600  to  950  feet,  with  average  grade  of  two  and  one-half  inches  per 
100  feet  An  average  irrigation  head  of  four  to  five  cubic  feet  per  second  was  divided 
among  two  or  three  checks.  Difficulty  was  experienced  in  getting  water  to  penetrate 
soil  to  any  considerable  depth. 

Woodland  Area. 

Woodland  is  situated  south  of  Cache  Creek,  in  Yolo  County,  on 
the  west  side  of  Sacramento  Valley.  The  mean  annual  rainfall  at 
Davis,  nine  miles  south,  is  17.23  inches.'  The  water  supply  for  irri- 
gation is  derived  from  Cache  Creek  by  gravity  and  pumping,  and  by 
pumping  from  wells  and  from  "Willow  Slough.     Cache  Creek  forms 


'Weather  Bureau,  Annual  Summary  for  1915.    A  record  kept  at  Woodland  by  the 
Weather  Bureau  from  1873  to  1909  gave  a  mean  of  17.73  incnes. 
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the  only  outlet  to  Clear  Lake,  wherein  it  is  proposed  to  store  a  large 
supply  of  water  for  power  and  irrigation  by  means  of  a  dam  recently 
completed.  At  the  time  the  duty  of  water  investigations  were  being 
conducted  this  dam  had  not  been  completed  and  only  the  direct  run-off 
was  available.  The  company  controlling  the  Cache  Creek  supply 
diverts  water  from  Cache  Creek  in  three  places,  that  for  the  immediate 
Woodland  section  being  taken  out  at  Moore  Dam,  about  seven  miles 
west  of  Woodland.  Water  is  delivered  in  rotation  at  $1.50  per  acre- 
foot.  Measurement  is  made  in  submerged-orifice  boxes,  or  by  current 
meter  or  surface  float.  Considerable  pumping  development  has  taken 
place  in  the  area  since  early  in  1911,  at  which  time  electric  power 
came  into  general  use  in  this  section,  and  during  the  four  years  ended 
with  1914,  77  pumping  plants  were  installed  for  irrigation.  The  soils, 
which  are  residual  from  Cache  Creek,  consist  of  the  Yolo  series  as 
mapped  by  the  Bureau  of  Soils  and  the  University  of  California  and 
range  from  fine  sandy  loams  to  clay  loams.^  Alfalfa  is  the  principal 
crop  grown  under  irrigation.  The  average  of  22  yields  in  1913  and 
1914  distributed  among  five  cuttings  was  1.84,  1.51,  1.10,  1.22  and  .59 
tons  per  acre,  respectively,  a  total  of  6.26  tons  per  acre.  The  relatively 
low  average  for  the  third  cutting  was  caused  by  grasshopper  devasta- 
tions in  1913  and  in  some  instances  by  failure  to  irrigate  until  after 
the  third  cutting  in  1914.  Prunes  usually  are  irrigated  every  year, 
but  other  fruits  and  grain  are  irrigated  only  in  years  of  deficient 
rainfall.^ 

The  number  of  irrigations  in  a  season  around  Woodland  is  normally 
dependent  directly  upon  the  preceding  winter's  rainfall,  and  the  prac- 
tice is  to  begin  irrigation  with  the  first,  second  or  third  crop  of  alfalfa, 
according  to  the  dryness  or  wetness  of  the  season,  and  to  irrigate  each 
crop  thereafter,  usually  as  soon  as  the  preceding  crop  has  been 
removed.  The  abnormally  light  rainfall  in  1912-1913  had  two  different 
effects  upon  irrigation  practice;  it  made  irrigation  necessary  to  mature 
even  the  first  crop  of  alfalfa,  and  it  caused  the  water  supply  to  run 
short  in  the  summer.  Water  was  abundant  early  in  the  season  and 
could  be  had  practically  on  application,  but  later  the  very  small  quan- 
tity available  had  to  be  rotated  among  many  irrigators,  with  the  result 
that  some  crops  were  half  grown  before  irrigation  and  others  received 
no  water  at  all.     This,  of  course,  had  the  effect  of  diminishing  the 


'U.  S.  Dept.  Agr.,  Bureau  of  Soils,  Reconnoissance  Soil  Survey  of  the  Sacramento 
Valley,  California. 

^Investipfitions  made  of  praln  irrigation  In  this  area  In  1913  and  1914  showed  a 
total  of  2,419  acres  of  barley,  oats,  and  wheat  Irrigated  In  1913  as  a  result  of 
deficiency  in  rainfall,  and  only  12  acres  irrigated  In  1914  after  a  winter  of  very  heavy 
rainfall.  An  average  of  1.11  acre-feet  per  acre  was  applied  In  1913,  generally  In  one 
Irrigation,  and  the  average  yield  of  grain  was  23  sacks  per  acre  from  irrigated  fields 
and  about  8  sacks  per  acre  from  unlrripated  fields.  In  1914  the  average  yield  from 
the  same  tracts  unlrrlgated  was  22  sacks  per  acre.  Thus  with  a  relatively  small 
additional  expenditure  the  yield  in  1913  was  more  than  doubled  by  irrigation  and 
was  made  to  equal  that  In  1914.  a  season  of  abundant  precipitation  and  normal 
growing  conditions. 
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yields  of  hay.  Following  a  winter  of  very  heavy  rainfall,  however, 
the  first  and  second  crops  in  1914  were  grown  without  irrigation,  and 
water  was  plentiful  throughout  the  season.  Nevertheless,  owing  to 
the  low  price  of  hay,  most  growers  irrigated  only  once  or  twice  in 
1914  and  some  not  at  all,  whereas  the  normal  practice  would  have  heen 
to  irrigate  after  the  second,  third  and  fourth^  cuttings.  Of  the  fields 
under  observation  the  only  ones  irrigated  three  times  were  supplied  by 
pumping  plants.  Thus  the  possible  increase  in  yields  due  to  a  better 
water  supply  was  curtailed. 

The  border  check  is  the  most  common  type  in  this  area.  The  checks 
are  usually  40  to  60  feet  wide  and  650  to  1,300  feet  long,  depending 
upon  the  shape  and  size  of  the  field,  with  a  single  supply  ditch  skirting 
the  higher  end,  but  with  occasionally  a  cross  lateral  located  halfway 
down.  Under  pumping  plants  with  their  smaller  heads  of  water, 
checks  generally  are  20  to  35  feet  by  100  to  600  feet.  The  grade  of 
cheeks  varies  normally  from  1.8  to  4.8  inches  and  averages  about  three 
inches  in  100  feet.  Levees  vary  in  height  from  nine  inches  to  two 
feet  and  in  width  from  6  to  12  feet.  Field  laterals  under  the  gravity 
system  are  large,  almost  invariably  measuring  18  feet  from  center  to 
center  of  ditch  banks,  with  the  ditch  bottom  about  one  foot  below  the 
adjoining  field  level.  Check  gates  are  of  both  wood  and  concrete  and 
usually  from  six  to  eight  feet  wide  in  order  to  admit  large  heads  of 
water,  to  insure  more  rapid  spreading,  and  relieve  the  pressure  of 
water  on  the  ditch  banks.  The  heads  of  water  delivered  to  individual 
farms  are  among  the  largest  in  California,  ranging  normally  from  10 
to  20  or  25  cubic  feet  per  second,  but  these  quantities  usually  are 
divided  among  two  or  three  checks.  The  size  of  head  is  limited  in 
times  of  water  abundance  only  by  the  capacity  of  the  field  lateral. 
Canvas  dams  are  used  in  the  farm  ditches  for  diverting  water  into 
the  cheeks,  a  check  650  feet  long  and  of  average  grade  requiring  about 
an  hour  to  irrigate.  Usually  two  men  are  employed  in  irrigating  a 
field  of  20  acres  and  an  extra  man  where  fields  are  larger. 

Duty  of  water  observations  were  made  in  the  Woodland  area  in  1913 
on  12  fields  of  alfalfa  (Fig.  14),  one  prune  orchard  and  one  grain 
field.  In  1914  the  investigations  were  confined  to  alfalfa,  and  although 
the  total  number  of  alfalfa  fields  under  observation  was  less  in  1914 
than  in  1913,  several  were  divided  into  plats  and  a  separate  study 
made  of  each  plat,  so  that  the  effective  number  of  fields  in  1913  was 
13.  Measurements  of  the  heads  of  water  used  were  made  in  all  cases 
under  the  canal  system  and  under  the  Jackson-Woodard  pumping  plant 
by  current  meter,  in  most  cases  in  flumes.  Under  the  Fisher  pumping 
plant,  measurements  were  made  with  a  rectangular  weir. 

Speaking  generally  regarding  the  results  of  measurements  of  use  in 
the  Woodland  area,  it  can  be  said  that  because  charges  for  irrigation 
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R\E  II 2E  water  are  based  directly  on 

the  quantities  used  rather 
than  on  the  number  of  acres 
irrigated,  irrigators  seem 
more  inclined  to  irrigate 
with  reference  to  the  imme- 
diate profits  to  be  obtained 
for  each  crop  than  under 
any  of  the  other  gravity 
systems  included  in  the  in- 
vestigation. In  years  of 
normal  rainfall  and  for  a 
limited  number  of  years, 
fairly  satisfactory  crops  of 
alfalfa  are  obtained  around 
y^Q^jnliAt^rHf  Woodland    without    irriga- 

tion,  and  when  the  market 
price  of  alfalfa  is  not  high 
farmers  frequently  do  with- 
out more  than  one  or  two 
waterings.  The  average 
total  application  in  1913 
was  2.94  acre-feet  per  acre, 
the  rainfall  for  that  year 

Fig.  14.-Map  of  Woodland  area  showing  location  of  ^^^^^S  ^eCn  0.61  foot  and 
alfalfa  fields  under  investigation,  1913  and  1914.  thB  PricC  of  alfalfa  rela- 
tively high.  The  average  application  per  irrigation  that  year  was 
0.85  acre-foot  per  acre.  In  1914,  when  the  seasonal  rainfall  was  2.45 
feet  and  the  price  of  alfalfa  was  low,  the  average  total  application 
was  only  1.80  acre- feet  per  acre,  with  the  average  application  at 
single  irrigations  0.99  acre-foot  per  acre.  Thus  the  results  in  this  area 
in  1913  show  typical  use  in  a  year  of  great  demand  for  water  and  of 
limited  supply,  together  with  a  high  average  price  for  alfalfa,  while  in 
1914  they  show  typical  use  in  a  season  of  ample  water  supply  and 
minimum  incentive  to  alfalfa  production. 

With  equivalent  total  applications  of  water  in  the  Woodland  area, 
the  yields  generally  were  greater  on  the  heavier  soils  than  on  the 
lighter  soils,  undoubtedly  due  to  some  extent  to  the  greater  moisture 
retentive  capacity  of  the  heavier  soils.  While  the  average  yield  of 
hay  per  acre  from  the  irrigated  fields  under  observation  in  1914  was 
6.75  tons,  the  average  yield  from  three  unirrigated  fields  in  the  same 
year  was  only  3.66  tons.  In  1913  the  duty  of  water  was  generally 
higher  on  the  finer  textured  soils,  and  this  held  true  for  single  irriga- 
tions in  1914,  also. 
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Soil  moisture  determinations  were  made  in  the  Woodland  area  in 
1913  before  and  after  one  irrigation  on  the  Lawson  field  and  before 
and  after  three  irrigations  on  the  Jackson-Woodard  field.  In  1914 
determinations  were  made  at  eaeh  cutting  and  before  and  after  each 
irrigation  on  the  Hughson,  Beck,  GriflEes,  Guile,  and  Jackson-Woodard 
fields.  The  average  proportion  of  each  application  of  water  accounted 
for  in  the  first  six  feet  of  soil  was  36  per  cent  for  the  lighter  soils,  44 
per  cent  for  the  medium  soils,  and  56  per  cent  for  the  heavy  soils, 
indicating  in  each  case  that  the  amounts  of  water  applied  were  greater 
than  could  be  held  where  probably  most  needed.  On  the  other  hand, 
the  results  indicated  that  in  many  cases,  in  spite  of  the  excessive  ap- 
plications between  cuttings,  the  moisture  content  present  was  inade- 
quate at  times,  due  to  the  too  great  interval  between  irrigations. 

Hughson  Field.  (Fig.  15.)  The  soil  of  this  field  is  classed  as  Yolo 
silt  loam.  Moisture  determinations  in  1914  were  made  from  12  borings 
before  and  after  the  first  irrigation,  from  six  borings  after  the  second 
irrigation,  and  from  six  borings  at  the  first,  second  and  fifth  cuttings. 
Taking  the  field  as  a  whole,  the  percentage  of  moisture  in  the  soil  at 
the  beginning  of  the  season  was  well  above  the  amount  necessary  to 
maintain  growth,  but  fell  below  the  wilting  point  in  a  portion  of  the 
upper  six  feet  of  soil  by  the  time  of  the  second  cutting,  and  in  the 
entire  upper  six  feet  by  the  time  the  third  crop  was  two-thirds  grown, 
when  the  first  irrigation  was  given.  This  first  irrigation  brought  the 
moisture  content  back  to  the  desired  point  but  it  went  down  again 
beloAv  the  wilting  point  by  the  time  of  the  fourth  cutting,  after  which 
the  second  irrigation  was  given.  At  the  first  irrigation  a  depth  of  26.2 
inches  of  water  was  applied.  The  greatest  increase  in  moisture  content 
due  to  this  irrigation  was  between  the  sixth  and  the  ninth  foot  in 
depth,  as  determined  six  days  following  the  application,  with  the  limit 
of  penetration  somewhere  below  12  feet.  Of  the  26. 2  inches  applied  at 
this  first  irrigation,  only  10.23  acre-inches  per  acre,  or  39  per  cent,  was 
accounted  for  in  the  upper  12  feet,  with  only  20  per  cent  of  the  total 
application  accounled  for  in  the  upper  six  feet.  In  a  general  way  the 
same  results  were  indicated  from  the  moisture  determinations  following 
the  second  irrigation.  The  fact  that  only  about  one-fifth  of  the  water 
applied  can  be  accounted  for  in  the  upper  six  feet  of  soil,  and  no  more 
than  two-fifths  in  the  upper  12  feet  of  soil,  is  evidence  that  through 
too  deep  penetration  at  the  upper  ends  of  the  checks,  much  water  is 
wasted  in  attempting  to  irrigate  the  lower  ends  of  the  long  checks — 
1,270  feet  in  this  field. 

Lawson  Field.  The  soil  in  this  field  is  classed  as  a  silt  loam.  Mois- 
ture determinations  were  made  from  eii^ht  borings  before  and  after 
the  third  irrigation  in  1913,  at  which  irrigation  a  depth  of  7.32  inches 
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was  applied.  Of  this,  2.56  acre-inches  per  acre,  or  35  per  cent,  was 
found  in  the  upper  six  feet,  with  two-fifths  in  the  surface  foot.  An 
appreciable  portion  of  the  water  applied  undoubtedly  penetrated  below 
six  feet  in  depth,  but  under  the  present  conditions  it  is  reasonable  to 
assume  that  the  greatest  loss  was  due  to  evaporation  during  the  ex- 
tremely hot  weather  prevailing  at  the  time.  In  general,  the  dctermina- 
lions  indicate  a  lack  of  uniformity  in  water  distribution. 


' 

>  ■ 

IP    2P    : 

J   »    zo  : 

J    ; 

)  ,' 

1 

-J!- 

\ 

J 

h. 

-5- 

-5- 
-» 

;^r 

sg 



— 

■t— U- 

- 

^^ 

, 

_ 

M^^ — 

-»; 

=^ 

^^ 

^^ 

=; 

t 

^- 

— 

—^- 

•- 

^^ 

1 — 

— 

- 

-5- 

--^ 

==- 

p= 

^^ 

— 

-- 

U 

=1 

== 

== 

^- 

w. 

9 

"" 

^-^ — 

— 

-_ 

r~= 

. 

•-J 

^ 

— 

— 

- 

1 

;      ; 

— 

— 

F= 

= 

^ 

— 

— 

E^ 

-'" 

V\. 

^.-.-r 

— 

— 

— 

j-i_; 

:^ 

q 

i: 

— 

— 

I 

4 

1 

k^=*— 

--" 

=^ 

3 

^ 

*= 

^ 

i 

S 

; 

W. 

5 

n. 

-zo- 
-B- 

-s- 
»- 

/  ■ 

— 

e 

" 

H. 

o      /ffPi/fse/^ns  p£/KeNm<^e:  cvMooTtK^  at  m^  <y3A/-^mi 

field.  Woodlan 


>.  Haghioa  alfalfa 


Beck  Field.  The  soil  of  this  field  is  classed  as  Yolo  loam.  Soil 
moisture  determinations  were  made  from  nine  borings  at  each  cutting 
and  before  and  after  each  irrigation  in  1914.  Results,  as  platted  in 
figure  16,  indicate  a  very  uniform  decrease  in  moisture  content  of  the 
soil  from  the  beginning  of  the  growing  season  until  the  first  irrigation 
after  the  third  cutting.  The  moisture  present  was  above  the  wilting 
point  throughout  the  upper  six  feet  at  the  time  of  the  first  cutting, 
but  was  reduced  to  or  below  the  wilting  point  by  the  second  cutting. 
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and  went  below  the  wilting  point  in  the  upper  four  feet  by  the  third 
cutting,  although  with  appreciably  no  change  at  the  fifth  and  sixth 
foot  in  depth.  At  the  first  irrigation  a  depth  of  11.56  inches  of  water 
was  applied,  of  which  5.04  acre-inches  per  acre,  or  43  per  cent,  was 
retained  in  the  upper  six  feet,  one-fourth  of  this  remaining  in  the 
siurface  foot.  At  the  second  irrigation  a  depth  of  7.48  inches  was 
applied,  of  which  3.34  acre-inches  per  acre,  or  45  per  cent,  was  retained 
in  the  upper  six  feet,  with  one-third  of  this  remaining  in  the  surface 
foot. 
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Fig.  16. — Diagram    showing   seasonal    variation    in   soil    moisture   percentage,    Beck    alfalfa 

field.  Woodland,   1914. 

Griff es  North  Field.  The  soil  in  this  field  is  classed  as  a  silt  loam. 
The  field  was  irrigated  twice  in  1914  with  approximately  equal  applica- 
tions averaging  11.76  inches  in  depth.  Moisture  determinations  were 
made  from  18  holes  before  and  after  each  irrigation  and  at  each  cutting 
except  the  fifth,  when  12  holes  were  bored.  At  the  first  irrigation  the 
upper  six  feet  retained  an  average  of  5G  per  cent  of  the  amount  applied, 
with  relatively  slight  differences  in  the  amount  retained  in  each  foot. 


48 


IBRIGATION   INVESTIGATIONS   IN   CAUFOBNIA. 


At  the  second  irrigation  47  per  cent  of  the  quantity  applied  was  re- 
tained, with  the  heaviest  increase  in  the  surface  foot  section.  After  the 
second  irrigation  the  moisture  decreased  with  the  depth  and  indicated 
that  less  water  went  below  six  feet  at  the  jsecond  irrigation  than  at  the 
first.  On  the  two  plats  into  which  the  Griffes  north  field  was  divided, 
the  north  plat  invariably  showed  a  higher  moisture  content  and  pro- 
duced a  larger  tonnage  of  hay.     Taking  the  Griffes  north  field  as  a 
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Fig.  17.-~-Diagram   showing   seasonal   variation   in   soil   moisture  percentage,   Griffes  north 

field,  Woodland.   1914. 

whole  the  results  in  1914,  as  platted  in  figure  17,  indicate  an  abrupt 
decrease  of  the  moisture  content  of  the  soil  between  cuttings  and  an 
abrupt  increase  caused  by  irrigation,  the  differences  being  more  marked 
than  in  the  case  of  any  other  fields  in  the  Woodland  area.  This  is 
accounted  for  by  the  coarse  texture  of  the  soil.  "While  the  upper  strata 
cf  soil,  in  which  the  moisture  was  found  to  be  below  the  wilting  point 
just  prior  to  irrigations,  were  amply  replenished  by  watering,  the 
determinations  indicate  that  the  lower  stratum  received  more  than 
necessary,  showing  that  lighter  irrigations  would  have  proven  more 
economical. 
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Guile  Field.  (Fig.  18.)  The  soil  of  this  field  is  classed  as  Yolo 
claj  loam.  Moisture  determinations  were  made  from  six  borings  before 
and  after  the  two  irrigations  given  in  1914,  from  three  borings  at  the 
first  cutting  and  six  borings  each  at  the  fourth  cutting  and  at  the  end 
of  the  season.  At  the  first  irrigation  a  depth  of  7.28  inches  was  applied, 
of  which  4.03  inches,  or  approximately  55  per  cent,  remained  in  the 
upper  six  feet,  nearly  one-half  of  this  remaining  in  the  surface  foot. 
At  the  second  irrigation  a  depth  of  5.94  inches  was  given,  of  which 
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Fis.  18. — Diagram  ihowing   seasonal   variation   in  soil  moisture  percentaae.   Guile  alfalfa 

field.  Woodland.  1914. 

nearly  91  per  cent  was  accounted  for  in  the  upper  six  feet,  about  one- 
third  remaining  in  the  surface  foot.  The  relatively  small  quantities 
of  water  found  below  the  surface  foot  or  two  confirmed  field  observa- 
tions of  the  resistance  oflFered  by  the  soil  of  this  field  to  the  penetration 
of  irrigation  water.  At  the  time  of  the  first  cutting  the  moisture  con- 
tent of  the  soil  was  so  low,  as  shown  by  the  diagram,  that  nowhere  in 
the  upper  six  feet  was  it  much,  if  any,  above  the  wilting  point.  And 
the  same  condition  was  approximated  at  the  time  of  each  subsequent 
cutting.     Owing  to  the  impermeability  of  this  soil,  heavy  irrigations 
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were  shown  not  to  be  practical.  Perhaps  no  field  studied  in  the 
Woodland  area  was  found  to  be  so  dependent  upon  timely  irrigation 
as  was  this  one. 

Jackson-Woodard  Field.  (Fig.  19.)  The  soil  of  tliis  field  is  classed 
as  Yolo  clay  loam.  In  1913  moisture  determinations  on  the  north  plat 
were  made  from  six  borings  before  and  after  the  third  irrigation,  from 
ten  before  and  after  the  fourth,  from  four  before  and  after  the  fifth, 
and  on  the  south  plat  from  ten  borings  before  and  after  each  of  the 
third,  fourth,  and  fifth  irrigations.    The  applications  of  water  at  the 
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Fig.  19. — Diagram   showing   seasonal   variation   in   soil   moisture  percentage,   Jackson* 

Woodard  alfalfa  field.  Woodland.  1914. 

three  irrigations  were  nearly  equal,  averaging  5.6  inches  in  depth  on 
the  north  plat  and  5.4  inches  in  depth  on  the  south  plat.  The  average 
depth  of  penetration  of  irrigation  water  on  the  north  plat  was  found 
to  be  about  four  feet  after  the  third  irrigation  and  only  two  feet  after 
the  fourth  and  fifth  irrigations,  whereas  in  the  south  plat  percolation 
extended  to  or  exceeded  six  feet  in  each  case.  On  the  north  plat  the 
increases  by  irrigation  were  always  small ;  on  the  south  plat,  however, 
39  per  cent  was  retained  in  the  upper  six  feet  at  the  third  irrigation, 
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nearly  26  per  cent  at  the  fourth  irrigation,  and  over  41  per  cent  at  the 
fifth  irrigation,  the  largest  increases  occurring  in  the  surface  two  feet. 
In  1914  moisture  determinations  were  made  from  six  borings  before 
and  after  each  irrigation  in  each  plat  and  at  each  cutting.  The  same 
differences  in  penetration  of  irrigation  water  found  in  1913  were  noted 
again.  In  addition  to  conserving  a  larger  proportion  of  each  irrigation, 
the  south  plat  generally  was  found  to  contain  a  higher  percentage  of 
moisture  than  the  north  plat,  especially  in  1914,  and  the  south  plat  in 
both  years  gave  correspondingly  larger  yields  of  hay.  As  compared 
with  the  other  fields  in  the  Woodland  area,  there  was  a  much  higher 
percentage  of  moisture  in  the  Jackson- Woodard  field  at  the  time  of  the 
first  and  second  cuttings  in  1914,  with  the  average  also  remaining 
higher  throughout  the  season.  Prior  to  each  irrigation,  and  more 
noticeably  as  the  season  advanced,  the  upper  12  to  18  inches  of  soil  was 
found  to  be  deficient  in  moisture,  while  the  remainder  of  the  six-foot 
section  retained  a  uniformly  fair  moisture  content.  In  both  1913  and 
1914  the  greatest  increase  in  moisture  resulting  from  irrigation  took 
place  at  the  lower  ends  of  the  checks,  which  varied  in  length  from  340 
feet  to  575  feet.  In  1914,  for  instance,  when  borings  were  made  in 
three  places  in  each  check  studied,  the  mean  increase,  expressed  in  acre- 
inches  per  acre,  due  to  irrigation  for  the  three  irrigations  was,  respec- 
tively, 1.51  at  the  upper  end,  2.44  at  the  middle,  and  3.67  at  the  lower 
end  in  the  north  plat,  and  3.44  at  the  upper  end,  3.92  at  the  middle, 
and  4.74  at  the  lower  end  in  the  south  plat.  In  other  words,  the  soil 
did  not  absorb  the  water  as  rapidly  as  it  was  applied,  and  the  result 
was  an  excess  at  the  lower  ends,  where  it  penetrated  in  due  time  into 
the  soil. 

TABLE  No.  13. 
Summary  of  Rooults  of  Alfalfa  Duty  of  Water  Investlgatlont,  Woodland  Area,  1913. 


W.  Hoffhion 

H.  J.  N.  EaamoBMO 

Sylrfster  Lawson 

Wm.  Ezlejr 

Frank  Hemde  

Geo.  O.  Orifffli  (aoath  fldd).. 
Geo.  O.  OrfffM  (north  fleld). 

D.   B.  Guile 

Jadtacm  *  Woodard  (north 

put)    

Jaekaon  A  Woodard  (eonth 

plat) 

JCra.  NettJe  Hadsall 


Averagei,  exehidinff  young 
alfalfa 


SHt  loam   19.54 

Sflt  loam ,  1B.94 

Slit  loam   ;  26.68 

Snty  day  loam 23.£0 

Silty  clay  loam 87.71 

Snt  loam   28.88 

Fine   aandy    loam ,  16.66 

Silt  loam   48.80 

snty  day  loam 28.21 


Clay  loam  .. 


OlAj  loam  

SUty  day  loam. 


10.28 

9.49 

8K.76 


6 
2 


4.40 
4J2 
2.88 
2.81 
1.80 
8.12 
8.07 
8.26 
2.14 

8.89 

8.08 
2.11 


2.94 


2.91  I 


5 

9.U 

4 

S.62 

6 

5.91 

4 

4.77 

5 

8.46 

6 

6.69 

6 

7.49 

8 

12.66 

4 

4.42 

K 

7.68 

6 

8.51 

4 

4.17 

t^m^m 

5.86 

6.18 

'TouniT  alfalfa. 

Nan.— RainfaU  November  1,  1912.  to  October  21.  1918.  0.61  foot 
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TABLE   No.  14. 
Summary  of  Results  of  Alfalfa  Duty  of  Water  Investigations,  Woodland  Area,  1914^ 


Name 


Wm.  €h)uld  

Geo.  W.  Huffhson... 

H.  J.  N.  Baamussen 

John  Becki  * _ 

B.  E.  Fisher  (east  plat) 

R.  £.  Fisher  (west  plat) 

Geo.  O.  Grifles  (south  field, 

east  plat)  

Qeo.  O.  Griff es  (south  field, 

west  plat) 

(3eo.  O.  Griffes  (north  field, 

north  plat)  

Geo.  O.  Griffes  (north  field, 

south  plat)   

D.  B.  GuOe. 

Jackson  &  Woodard  (north 

plat)  

Jackson  A  Woodard  (south 

plat)  


Averages     for     irrigated 
fields   


Soil  type 


Sllty  day  loam. 

Silt  loam   

Silt  loam   

Yolo  loam  

Silty  clay  loam. 
Silty  clay  loam. 


Fine  sandy  loam. 
Fine  sandy  loam. 
Silt  loam  


Silt  loam 
Clay  loam 

Clay  loam 

C9ay  loam 


6.75 


»The  Exley  tract  in  1913. 

Note. — ^Rainfall  November  1,  1913,  to  October  31,  1914,  2.45 


feet. 


DESCRIPTIONS  OF   FIELDS   IN   THE   WOODLAND  AREA  AND  COMMENTS  ON 

IRRIGATION  CONDITIONS  AND  PRACTICES. 

Wm.  Gould  Field.  Seeded  in  1910.  Stand  of  alfalfa  rather  thin,  with  bare  spots 
of  considerable  area.  Checks  866  feet  by  50  feet  Preparation  of  land  good.  Obser- 
vations made  on  this  tract  only  in  1914 ;  it  was  not  irrigated  in  1914,  owing  to  the 
low  market  price  of  alfalfa  hay,  but  data  were  secured  on  yields  in  order  to  afford 
comparison  with  irrigated  fields. 

Geo.  W.  Hughson  Field.  Seeded  in  1903.  Stand  of  alfalfa  good.  Yields  heavily 
but  is  being  thinned  out  by  gophers  and  by  difficulty  of  getting  water  to  lower  ends 
of  some  checks.  Checks  1,270  feet  by  82  feet,  with  grade  averaging  4.8  indies  in 
1(X)  feet.  Preparation  of  land  fair,  but  checks  much  too  long  for  porous  silt-loam 
soil,  for  they  require  excessive  applications  of  water  at  upper  ends  in  order  to  wet 
lower  ends,  resulting  in  great  waste  of  water.  Small  check-gates  also  contribute  to 
this  end.  First  three  crops  irrigated  in  1913  and  third  and  fifth  in  1914,  heads  used 
varying  from  12  to  22  cubic  feet  per  second,  divided  among  three  to  five  dkecks. 
Second  irrigation  in  1914  covered  only  part  of  field.  Difference  in  crop  yields 
between  1913  and  1914  is  attributable  to  lateness  of  first  irrigation  in  1914  and 
iusufficiency  of  moisture  later  on. 

H.  J.  N.  Rasmussen  Field.  Seeded  in  1910.  Stand  of  alfalfa  fair.  Checks  vary 
in  length  from  165  to  720  feet  and  in  width  from  40  to  90  feet  Grade  averages  S.4 
inches  in  100  feet.  Field  divided  into  three  sets  of  checks  and  general  preparation 
good.  Irrigating  heads  used  in  1913,  when  the  first  three  crops  were  irrigated,  ranged 
from  14  to  22  cubic  feet  per  second.  In  1914,  owing  to  low  prices  received  for  alfalfa 
hay,  field  not  irrigated.    Yield  in  1913  reduced  by  grasshoppers. 

Sylvester  Lawson  Field.  Seeded  in  1911.  Stand  very  good  over  most  of  field,  bat 
there  are  several  gravel  streaks  where  poor.  Checks  vary  in  length  from  740  to 
1,080  feet  and  average  57  feet  wide.  Grade  fairly  uniform,  averaging  4.6  inches  In 
100  feet  Land  generally  well  prepared  for  irrigation.  Observations  made  on  this 
tract  only  in  1913,  when  heads  used  ranged  from  six  to  seventeen  cubic  feet  per 
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■econd,  only  third  crop  being  unirrigated.  Soil  moisture  determinations  at  third 
irrigation  indicated  very  unequal  distribution  of  moisture.  Two  of  crops  damaged 
by  grasshoppers. 

Wm.  E9lep-John  Beck  Field.  Seeded  in  1906.  Stand  of  alfalfa  fair.  Checks 
range  from  375  to  1,290  feet  in  length,  but  width  fairly  uniform,  averaging  73  feet. 
Grades  range  from  zero  to  eight  inches  in  100  feet,  averaging  3.1  inches.  Preparation 
for  irrigation  fair.  First,  second,  fourth,  and  fifth  crops  irrigated  in  1913,  with 
heads  of  nine  to  14  cubic  feet  per  second,  and  last  two  crops  irrigated  in  1914  with 
heads  of  15  to  20  cubic  feet  per  second,  turned  into  two  or  three  checks  at  a  time. 
The  great  difference  between  yields  of  hay  from  this  field  in  the  two  years  studied 
due  to  ravages  of  grasshoppers,  inability  to  cut  the  last  crop  because  of  rain,  and 
inability  to  secure  water  when  most  needed  in  1913,  none  of  which  conditions 
obtained  in  1914. 

R.  E.  Fisher  Field,  Seeded  in  1907.  This  tract  treated  as  single  unit  in  1913,  but 
was  divided  into  two  plats  in  1914.  Stand  generally  good,  but  thinning  out.  Checks 
in  east  plat  320  to  630  feet  long,  in  the  west  plat  700  feet  long,  and  all  average 
58  feet  wide,  average  grade  being  1.9  inches  in  100  feet  Field  well  prepared  for 
irrigation,  but  ditches,  originally  made  to  take  water  from  canal  system,  are  too  large 
for  small  heads,  averaging  2.74  cubic  feet  per  second  in  1913  and  3.15  in  1914, 
secured  from  the  pumping  plant  which  now  supplies  the  tract;  checks  also  are  too 
wide.  Last  three  crops  irrigated  each  year,  but  in  1914  only  west  plat  was  irrigated. 
Lower  yield  of  hay  in  1913  was  due  to  failure  to  irrigate  until  after  second  cutting 
and  to  damage  by  grasshoppers. 

Frank  Hermle  Field.  Seeded  in  1910.  Stand  excellent.  Checks  630  to  640  feet 
long,  average  65  feet  in  width,  with  average  grade  of  1.4  inches  in  100  feet  Land 
well  prepared  for  irrigation.  First  three  crops  irrigated  in  1913,  which  was  the  only 
season  in  which  observations  were  made,  heads  ranging  from  13  to  19  cubic  feet 
per  second. 

Oeo,  O.  Qriffet  South  Field.  Seeded  in  1912.  This  field  comprises  two  distinct 
parts  and  in  1914  these  were  treated  as  separate  units.  Stand  excellent  In  the  east 
plat  checks  are  800  feet  long  and  in  the  west  plat  average  575  feet,  all  being  57  feet 
wide,  with  grade  averaging  2.1  and  3.5  inches  per  100  feet  in  east  and  west  plats, 
respectively.  Field  well  prepared  for  irrigation.  In  1913  all  crops  except  the  third 
were  irrigated,  with  heads  of  11  to  15  cubic  feet  per  second,  and  at  the  single  irriga- 
tion between  the  third  and  fourth  cuttings  in  1914  the  head  averaged  20  cubic  feet 
per  second.  Often  the  entire  head  was  turned  into  a  single  check.  Lower  yields  in 
1914  were  obviously  due  to  the  fact  that  only  the  fourth  crop  was  irrigated,  whereas 
all  of  the  last  three  crops  needed  water. 

Oeo.  O.  Ofiife$  North  Field.  Seeded  in  1913.  This  field  was  divided  into  two 
plats  for  observational  work  in  1914.  Stand  of  alfalfa  one  of  the  best  in  the  area 
and  field  one  of  the  most  carefully  prepared.  Checks  are  all  810  feet  long  and 
54  feet  wide,  with  average  grade  of  1.4  inches  in  100  feet  in  north  plat  and  of 
1^  inches  in  south  plat.  All  three  crops  were  irrigated  in  1913  with  heads  of  11  to 
15  cubic  feet  per  second,  and  in  1914  the  third  and  fourth  crops  were  irrigated  with 
heads  of  15  to  21  cubic  feet  per  second,  usually  divided  between  two  checks.  The 
yields  in  the  two  seasons  can  not  be  compared  owing  to  the  fact  that  the  alfalfa  was 
in  its  first  year  in  1913. 

D.  B.  Quite  Field.  Seeded  in  1910.  Stand  of  alfalfa  fair.  Checks  average 
1,275  feet  in  length,  but  vary  in  width  from  45  to  120  feet,  with  average  grade  of 
1.8  inches  in  100  feet.  Preparation  for  irrigation  only  fair.  All  four  crops  were 
irrigated  in  1913  and  last  two  in  1014,  the  beads  of  water  averaging  12  cubic  feet 
per  second  and  usually  were  turned  into  single  checks.  It  should  be  noted  that, 
although  only  about  one-half  as  much  water  wa.s  applied  in  1914  as  in  1913,  the  yield 
of  hay  was  about  the  same  in  both  years.  This  was  accounted  for  by  heavier  rainfall 
and  more  timely  irrigations  in  1914. 
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Jaok^an^Woodard  Field.  Seeded  in  1912.  This  field  was  treated  as  two  onits  in 
1913  and  1914.  Stand  of  alfalfa  excellent  In  the  north  plat  cbecka  were  400  to 
675  feet  long,  with  grade  averaging  2.2  inches  in  100  feet,  and  in  the  south  plat 
340  to  620  feet,  with  average  grade  of  8.2  inches.  All  checks  were  abont  40  feet 
wide.  The  checking  system  in  this  field  was  designed  for  a  pumping  plant  and  the 
general  preparation  was  good.  All  crops  were  irrigated  in  1918,  including  an  irriga- 
tion after  the  fifth  cutting,  but  in  1914  only  the  last  three  crops  were  irrigated.  The 
pumping  plant  gave  an  average  irrigating  head  of  3.78  cubic  feet  per  second  in  1013 
and  of  4.37  in  1914,  in  both  cases  being  turned  into  one  chedi  at  a  time. 

Mr9,  Nettie  HadeaU  Field.  Seeded  in  1909.  Stand  only  fair.  Checks  970  to 
1,106  feet  long  and  from  45  to  00  feet  wide,  with  average  grade  of  2.9  indies  in 
100  feet  Field  generally  well  prepared  for  irrigation.  Observations  made-  only 
in  1913,  in  which  year  first  and  second  crops  were  irrigated  with  heads  of  13  to  16 
cubic  feet  per  second.  This  field  is  located  under  the  Adams  Canal  and  no  water 
was  available  after  early  summer,  whereas  the  tracts  supplied  by  Moore  Canal  had 
a  small  amount  for  a  much  longer  time,  and  this  deficiency  resulted  in  a  low  yield 
of  hay. 

Dixon  Area. 

Dixon  is  located  in  Solano  County  in  the  southwestern  portion  of 
Sacramento  Valley.  The  nearest  rainfall  record  is  for  Davis,  eight 
miles  northeast,  where  the  mean  is  17.23  inches.*  At  present  no  canal 
system  serves  the  Dixon  area,  all  irrigation  water  being  secured  by 
pumping  from  wells.  In  most  cases  the  water  is  applied  directly  to 
the  land  without  storage  in  farm  reservoirs,  although  in  the  western 
part  of  the  area  several  tracts  are  being  irrigated  from  small  pumping 
plants  used  in  conjunction  with  storage.  Some  of  the  pumping  plants 
are  equipped  with  gas  engines,  but  the  majority  have  electric  motors.' 
The  soils  of  the  area  are  mostly  clay  loams  and  clays  of  the  Tolo  and 
Capay  series." 

Of  the  crops  grown  under  irrigation,  alfalfa  occupies  by  far  the 
largest  acreage.  In  1913  the  average  yield  of  six  tracts  of  mature 
alfalfa  was  6.76  tons  per  acre,  distributed  among  five  cuttings  of  1.79, 
1.61,  1.79,  1.35,  and  .22  tons  per  acre,  respectively.  The  sudden  drop 
in  the  average  of  the  last  cutting  was  due  to  the  fact  that  the  alfalfa 
on  only  two  of  these  fields  was  cut  five  times,  four  crops  being  cut  on 
three  fields  and  three  crops  on  the  other. 

The  number  of  irrigations  between  cuttings  varied  in  1913  from  one 
to  four.  Owing  to  the  dryness  of  the  season  all  first  crops  were  irri- 
gated, but  in  years  of  heavy  rainfall  one  or  even  two  crops  may  be 
grown  without  irrigation.  The  water-table  was  relatively  low  in  1913, 
and  measurements  of  the  discharges  of  11  pumps  showed  all  to  be 
delivering  below  their  rated  capacities.  Of  two  eight-inch  pumps^  the 
discharges  were  29  and  36  per  cent,  respectively,  below  rated  capacity; 
of  three  seven-inch  pumps,  the  discharges  were  12,  13,  and  27  per  cent 

'Weather  Bureau,  Annual  Summary  for  191B. 

*Undersrround  water  conditions  are  diBcusaed  in  U.  S.  Oeol.  Surrey  Water  SuDDty 
Paper  875-A.  Ground  Water  for  Irrigation  in  the  Sacramento  Valley,  CaUfomla. 
^.  .H*  ^^^i*^  Agr..  Bureau  of  Soils,  Reconnoissance  Soil  Survey  of  the  Sacramento 
Valley,  California. 
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below ;  of  two  six-inch  pmnps,  43  and  47  per  cent  below ;  and  of  four 
five-inch  pumps,  54,  58,  66,  and  71  per  cent  below,  respectively.  The 
expedient  of  lowering  the  pump  several  feet,  which  was  tried  by  some 
owners,  usually  resulted  in  an  increased  flow. 

Both  square  or  rectangular  and  border  checks  are  in  use  at  Dixon, 
the  former  usually  being  made  as  nearly  square  and  as  nearly  level 
as  possible.  Of  the  two,  border  checks  probably  are  the  more  widely 
used,  but  on  the  heavier  soils  the  square  or  rectangular  checks  are 
considered  to  give  better  results  because  it  is  possible,  with  such  checks, 
to  keep  water  standing  on  the  land  longer  than  with  border  checks, 
thus  facilitating  penetration.  Square  or  rectangular  checks  at  Dixon 
usually  are  about  100  feet  square  and  border  checks  vary  in  length 
from  75  to  1,750  feet  and  in  width  from  30  to  40  feet,  with  a  grade  of 
three  to  five  inches  in  100  feet.  Check  gates  are  small  wood  or  concrete 
structures,  but  often  water  is  admitted  to  checks  through  cuts  in  the 
ditch  banks.  Metal  dams  or  tappoons  often  are  used  for  diverting 
water  into  the  checks. 


Seven  typical  fields  were  in- 
eluded  in  the  investigation  at 
Dixon  in  1913  (Pig.  20 J,  weirs  gen- 
erally being  used  for  measuring 
the  applications.  Underground 
movement  of  irrigation  water  ap- 
plied was  traced  only  on  the 
Wright  field,  and  owing  to  diffi- 
culty in  penetrating  the  heavy  soil 
with  a  soil  auger  moisture  determi- 
nations are  available  for  the  upper 
six  feet  of  soil  from  only  ten 
borings  before  and  after  the 
fourth  irrigation,  from  four  before 
and  after  the  fifth,  and  from  nine 
before  and  after  the  sixth.  The 
mean  moisture  content  of  the 
upper  six  feet  of  soil  over  the 
whole  tract  was  safely  above  the 
wilting  point  throughout  the 
period  of  these  determinations, 
although  in  many  single  instances 
the  percentage  fell  below  the  wilt- 
ing point  prior  to  irrigations.  This 
good  moisture  condition  is  attrib- 
uted to  the  frequent  light  irriga- 
tions given,  and  the  effect  is  well 
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Fig.  20. — Map  of  Dixon  area  showing 
location  of  alfalfa  fields  under  investiga- 
tion, 1913. 
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shown  in  the  high  yields  of  hay  secured — 9.97  tons  per  acre.  The 
highest  percentage  of  moisture  was  found  before  and  after  the  fifth 
irrigation. 

The  distribution  of  the  irrigation  water  applied  throughout  the  upper 
six  feet  of  soil  at  the  fourth  irrigation,  when  the  moisture  determinationfl 
were  commenced,  was  very  uniform,  49  per  cent  of  the  5.06  inches  in 
depth  applied  being  accounted  for.  At  the  fifth  irrigation,  when  a 
depth  of  6.06  inches  was  given,  only  31  per  cent  remained  in  the  upi>er 
six  feet  of  soil,  over  one-third  of  this  remaining  in  the  surface  foot. 
The  moisture  found  in  the  soil  after  the  sixth  irrigation  decreased 
perceptibly  with  the  depth,  indicating  that  little  passed  below  six  feet, 
and  that  the  principal  part  of  the  moisture  not  accounted  for  was 
utilized  by  the  crop,  or  evaporated  from  the  surface. 

In  addition  to  the  borings  made  to  a  full  depth  of  six  feet,  four 
additional  borings  before  and  after  the  fourth  irrigation,  six  before 
and  after  the  fifth,  and  three  before  and  after  the  sixth  irrigation  were 
stopped  by  failure  of  the  irrigation  water  to  soften  the  hard  soil  to  the 
full  six  feet.  This  again  illustrated  the  desirability  of  having  irriga- 
tions on  this  field  sufSciently  frequent  to  keep  the  soil  moist  constantly 
throughout  the  rooting  zone  of  the  plants. 

TABLE  No.  15. 
Summary   of   Results   of   Alfalfa    Duty   of  Water   Invettlgatlons,    Dixon   Area.   1913. 


Name 


Soil  type 


J.  B.  Bloom 

Mrs.  Letltia  Cooper. 
0.   £.  Scbmeifler 

D.  W.  Wright 

M.   D.   Campbell 

E.  D.  Dudley 

Harry  McFadyen  ... 


Averages    _.. 

Averages,  excluding  young 
alfalfa 


Clay 
Clay 
Clay 
Clay 
Clay 
Silt 


loam 
loam 
loam 
loam 
loam 
loam 


Clay  loam 


Axva, 
acres 


10.36 
10.01 
86.20 
12.10 
S6.74 
20.61 
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8.06 

4 

6j61 

8.15 

4 

3l97 

2.79 

8 

n.n 

2.83 

6 

7.12 

8.43 

6 

5.72 

2.82 


2.94 


6.91 
6.76 


'Youngr  alfalfa. 

Note.— Rainfall  November  1,  1912,  to  October  31,  1913,  0.61  foot. 


DESCRIPTIONS  OF  FIELDS  IN  DIXON  AREA,  AND  COMMENTS  ON  IRRIGATION 

CONDITIONS  AND  PRACTICES. 

(/.  R.  Bloom  Field.  Seeded  in  1890.  Stand  of  alfalfa,  which  is  one  of  the  oldest 
in  the  area,  still  very  good.  Checks  average  180  feet  by  100  feet  Land  generally 
is  well  prepared.  First  crop  was  irrigated  once,  second  crop  twice,  and  third  crop 
three  times,  with  head  averaging  2.33  cubic  feet  per  second.  The  relatively  low  yield 
of  hay  is  attributable  to  lateness  of  beginning  irrigation  and  to  considerable  damage 
done  by  alfalfa  caterpillars  {EurymiM  eurytheme) . 

Mr%,  Letitia  Cooper  Field.  Seeded  in  1904.  Stand  generally  good.  Checks 
roughly  rectangular,  from  55  to  195  feet  long  and  averaging  62  feet  wide.  Che<^ 
mostly  nearly  level,  but  the  longer  ones  have  a  grade  of  several  inches  in  100  feet 
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General  preparation  for  irrigation  is  good.  Each  crop  was  irrigated  once  with  a 
head  of  1.13  cabic  feet  per  second^  and  a  partial  irrigation  given  after  the  fourth 
cutting.  Water  is  purchased  from  a  neighbor  and  the  relatively  low  use  probably  is 
dae  to  the  fact  that  it  was  available  only  for  a  small  part  of  the  time. 

C.  E.  Schmeiser  Field.  Seeded  in  1907.  Stand  fair.  Checks  rectangular,  about 
110  feet  long  and  100  feet  wide,  and  as  a  rule  are  mostly  nearly  level.  Preparation 
for  irrigation  good.  Each  crop  was  irrigated  twice  with  a  head  of  1.06  cubic  feet 
per  second. 

D.  W.  Wright  Field.  Seeded  in  1906.  Stand  very  good.  Checks  rectangular, 
about  100  feet  long  and  averaging  92  feet  wide,  and  mostly  nearly  level.  Land  fairly 
well  prepared  for  irrigation.  First  crop  was  irrigated  once  and  each  succeeding  crop 
twice  and  extra  irrigation  was  given  after  the  fourth  cutting.  Average  head  of 
water  .72  cubic  foot  per  second. 

M.  D.  CampheU  Field.  Seeded  in  1912.  Stand  good.  Field  in  border  checks, 
200  to  1,750  feet  long  and  averaging  33  feet  wide  with  average  grade  of  three  and 
one-half  inches  in  100  feet.  General  preparation  for  irrigation  good.  Each  crop, 
including  the  pastured  fourth  crop,  was  irrigated  three  times  with  a  head  averaging 
2.35  cubic  feet  per  second. 

E.  D.  Dudley  Field.  Seeded  in  1912.  Stand  excellent.  Border-check  system 
followed,  checks  ranging  from  85  to  570  feet  long  and  averaging  about  38  feet  wide, 
with  average  grade  of  about  six  inches  in  100  feet  Land,  for  the  most  part,  is  well 
prepared  for  irrigation.  First  crop  was  irrigated  twice,  second,  third,  and  fourth 
crops  three  times  each,  and  the  last  crop  four  times,  with  an  average  head  of 
1.94  cubic  feet  per  second. 

Harry  McFadyen  Field.  Seeded  in  1911.  Stand  of  alfalfa  good.  Border  checks, 
60  to  940  feet  long,  average  of  30  feet  wide,  with  average  grade  of  3.6  inches  in 
100  feet.  Land  well  prepared  for  irrigation.  Each  crop  was  irrigated  three  times 
with  head  averaging  2.44  cubic  feet  per  second. 

DISCUSSION  OF  RESULTS. 

Comparison  of  Duty  of  Water  and  Yields  of  Alfalfa  on  54  Sacramento  Valley 

Farms  with  Results  of  Experiments  at  Davis. 

Ab  stated  at  the  beginning  of  this  bulletin,  the  purpose  of  the  inves- 
tigations herein  reported  was  to  obtain  data  that,  taken  in  connection 
with  the  results  of  experiments  in  the  duty  of  water  for  alfalfa  at 
Davis,  would  give  a  basis  for  conclusions  regarding  the  most  satisfac- 
tory duty  for  this  crop  throughout  Sacramento  Valley.  When  a  com- 
parison is  undertaken  between  the  results  of  the  investigations  on  the 
54  Sacramento  Valley  farms  studied  in  1913  and  1914  and  the  results 
obtained  at  Davis  from  1910  to  1915,  it  at  once  becomes  clear  that  there 
is  a  wide  variation,  and  that  the  results  are  not  comparable  unless  full 
account  is  taken  of  the  extreme  differences  in  the  conditions  met. 
When  the  differences  are  analyzed,  however,  and  the  comparison  is 
made  between  like  or  similar  conditicms,  the  results  are  not  far  apart. 
They  are,  in  fact,  sufficiently  near  agreement  to  establish  the  Davis 
results  as  applicable,  in  general,  to  the  entire  valley. 

At  Davis  the  amounts  of  water  used  were  strictly  under  control,  and, 
with  the  exception  of  the  plat  receiving  a  depth  of  60  inches,  single 
irrigations  were,  as  a  rule,  not  greater  than  the  soil  would  retain,  the  soil 
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moisture  determinations  before  and  after  irrigation  showing  that 
an  average  of  76.4  per  cent  of  the  water  applied  to  plats  which  were 
given  a  depth  of  six  inches  in  one  irrigation  was  retained  in  the  upper 
six  feet  of  soil  and  that  the  plats  given  seven  and  one-half,  nine,  and 
12  inches  irrigation,  making  an  average  of  nine  and  one-half  inches  per 
application,  retained  an  average  of  60.6  per  cent  in  the  upper  six  feet  of 
soil  and  97.7  per  cent  in  the  upper  12  feet.  The  soil  of  the  experimental 
irrigation  tract  at  Davis  is  chiefly  a  fine  silt  loam,  relatively  uniform, 
with  no  impervious  stratum,  and  with  the  ground  water  level  below  the 
normal  feeding  zone  of  the  plant  roots.  The  upper  two  feet  is  ver>^ 
uniform,  but  the  third  to  eighth  feet  are  of  fine,  sandy  loam,  pocketed  at 
irregular  intervals  with  coarse  sand  or  clay  loam.  While  at  Gridley 
the  surface  soil  of  the  fields  under  observation  in  1913  does  not  vary 
greatly  from  the  soil  at  Davis,  most  of  it  is  underlain  with  hardpan,  and 
all  of  it  contained  free  ground  water  at  six  feet  or  less  from  the  surface. 
At  Los  Molinos,  while  the  soil  of  some  of  the  fields  is  comparable  with 
that  at  Davis,  being  of  silty  or  sandy  loam  and  of  relatively  uniform 
depth  for  at  least  12  feet  from  the  surface,  some  fields  have  more  clay  and 
some  are  more  gravelly  than  those  at  Davis.  The  normal  rainfall  at  Bed 
Bluff,  which  is  the  nearest  point  of  observation  to  Los  Molinos,  is  approx- 
imately nine  inches  greater  than  at  Davis,  and  in  the  years  1913  and  1914 
it  was  more  than  six  inches  above  the  average  at  Davis  for  the  six  years 
covered  by  the  experiments  there.  An  entirely  diflferent  type  of  soil 
is  found  at  Orland,  all  but  one  of  the  fields  investigated  having  been 
made  up  largely  of  gravel.  Here,  also,  water  conditions  differ  consider- 
ably from  those  at  Davis,  a  shortage  of  water  in  the  late  season  in  1913 
having  made  it  necessary  to  eliminate  one  irrigation. 

A  very  wide  departure  in  soil  type  is  encountered  at  Willows  and,  as 
indicated  by  the  summaries  of  use  on  fields  under  investigation  there, 
it  was  impossible  to  get  enough  water  into  the  soil  to  satisfy  the  needs 
of  the  crop.  While  the  soils  at  Woodland  are  generally  comparable 
with  those  at  Davis,  paying  for  irrigation  water  on  a  quantity  basis 
rather  than  on  an  acreage  basis,  as  at  Gridley,  Los  Molinos,  Orland,  and 
Willows,  altered  the  Woodland  practice  materially.  During  the  season 
of  1913  at  Woodland,  following  a  winter  of  low  rainfall,  the  usual  prac- 
tice was  to  give  at  least  three  irrigations,  and  some  farms  received  water 
six  times,  alfalfa  bringing  good  prices  that  year  and  water  therefore 
being  applied  plentifully.  In  1914.  however,  following  a  winter  of  more 
than  normal  rainfall,  and  when  the  price  of  alfalfa  had  dropped  to 
nearly  one-third  the  figure  obtainable  in  1913,  no  irrigators  watered 
more  than  three  times  and  as  a  rule  only  two,  with  many  not  watering 
at  all.  Observations  were  made  at  Dixon  during  1913  only.  Water 
used  there  is  obtained  from  pumping  plants  and  use  generally  represents 
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what  the  various  irrigators  consider  to  be  necessary.  While  in  this 
regard  conditions  at  Dixon  are  similar  to  those  which  governed  during 
the  experiments  at  Davis,  at  Dixon  the  soil  is  considerably  heavier  than 
at  Davis,  and  takes  water  much  less  freely. 

OridLey.  Analyzing  the  results  obtained  at  Gridley,  it  was  found 
that  a  maximum  yield  of  9.38  tons  was  obtained  from  a  field  which 
received  a  total  annual  depth  of  irrigation  water  of  31.6  inches,  but 
that  the  next  nearest  yield  was  only  7.28  tons  per  acre  obtained  on  a 
field  which  received  34  inches  of  water  for  the  season.  Eight  out  of 
the  fourteen  fields  studied  at  Gridley  received  greater  annual  depths 
of  irrigation  water  than  34  inches,  but  on  three  of  these  the  yield  fell 
below  five  tons,  on  four  below  six  tons  per  acre,  and  on  seven  below 
seven  tons.  In  other  words,  after  eliminating  the  single  field  that  had 
the  excessive  yield  of  9.38  tons  per  acre,  it  was  found  that  the  point 
beyond  which  it  did  not  pay  to  add  to  the  depths  applied  corresponds 
fiubfitantially  with  the  points  established  in  the  Davis  experiments, 
namely,  between  30  and  36  inches.  The  seasonal  rainfall  at  Gridley 
preceding  the  heaviest  of  these  yields  was  13.9  inches. 

Los  Molmos.    Analyzing  the  results  obtained  at  Los  Molinos  for  tho 
seasons  1913  and  1914,  it  is  found  that  a  maximum  yield  of  8.31  tons 
per  acre  was  obtained  with  a  total  annual  application  of  47.4  inches, 
following  an  average  rainfall  for  the  two  seasons  of  approximately  24.4 
inches.    To  what  extent,  if  at  all,  excessive  use  here  reduced  yields 
by  sou  leaching  can  only  be  conjectured.    Seven  of  the  11  fields  under 
observation  received  more  irrigation  water  than  the  field  of  maximum 
yield,  the  maximum  application  being  84  acre-inches  per  acre.    Of 
these  seven  fields,  however,  one  yielded  less  than  four  and  one-half  tons 
per  acre,  four  below  six  tons  per  acre,  and  six  below  seven  tons  per 
acre.    At  Los  Molinos  it  is  to  be  noted  that  both  the  maximum  and  the 
majority  of  applications  were  considerably  in  excess  of  the  applications 
at  Davis,  but  as  pointed  out  in  the  discussion  of  soil  moisture  determina- 
tions in  this  area,  the  soils  of  the  Los  Molinos  fields  are  highly  permeable 
and  the  use  of  water  was  wasteful.    Studies  of  the  underground  distri- 
bution of  the  irrigation  water  applied  showed  that  beyond  a  doubt 
large  quantities  passed  below  a  depth  of  six  feet,  single  applications 
amounting,  in  numerous  cases,  to  between  20  and  30  inches. 

Orland.  Averages  for  eight  fields  at  Orland,  where  the  soil  is  pre- 
vailingly gravelly,  gave  a  maximum  of  6.77  tons  per  acre  with  a  total 
annual  application  of  24.6  inches  after  an  average  seasonal  rainfall  of 
19.2  inches.  The  maximum  yield  at  Orland  was  obtained  on  the  field 
that  received  the  least  water,  the  yield  from  two  of  the  seven  remaining 
fields  falling  below  five  tons,  and  that  from  five  falling  below  six  tons. 
Of  the  whole  eight  fields  water  was  applied  in  excess  of  80  inches  on 


60  IBRIGATION   INVESTIGATIONS   IN   CALIFORNIA. 

two  fields,  in  excess  of  55  inches  on  three  fields,  and  in  excess  of  45 
inches  (to  five  fields. 

Willows.  With  complete  results  available  for  only  one  year  and  from 
only  three  fields  at  Willows,  but  with  these  results  verified  by  special 
studies  in  1915,  it  is  evident  that  the  results  are  in  no  way  comparable 
with  the  results  at  Davis,  this  being  due  to  the  ''tightness"  of  the  soil 
of  the  Willows  fields  and  the  impossibility  of  getting  irrigation  water 
into  it  in  amounts  sufficient  to  satisfy  the  plants.  A  maximum  yield 
of  only  5.39  tons  was  obtained  at  Willows  with  an  application  of  23.6 
inches  in  addition  to  the  seasonal  rainfall  of  approximately  28.7  inches 
for  the  preceding  winter.  Results  at  Willows  indicate  plainly  that 
the  soil-moisture  needs  of  alfalfa,  on  the  soils  that  hold  moisture  so 
tenaciously  as  do  those  at  Willows,  are  in  excess  of  the  maximum  appli- 
cations found  in  1914.  Further,  it  is  plain  from  the  special  studies 
in  1915  that  to  irrigate  adequately  the  silty  clay  loams  and  the  clay 
adobes  of  the  Willows  area,  water  must  be  applied  frequently  and  in 
small  quantities,  and  at  no  time  following  the  winter  rainfall  must 
the  soil  be  allowed  to  dry  out.  The  amount  of  water  used  on  these 
Tehama  clay  soils  is  sure  to  increase  as  improvement  in  their  physical 
condition,  due  to  cropping  and  cultivation,  makes  them  more  pervious 
to  water. 

Woodland,  Averages  for  the  12  fields  at  Woodland,  for  which  full 
records  are  available,  show  a  maximum  yield  of  8.81  tons  per  acre  with 
a  use  of  water  of  29.7  inches  in  addition  to  an  average  seasonal  rainfall 
of  18.3  inches.  Three  fields,  which  received  depths  of  23.5,  33.1,  and 
43.7  inches,  gave  respective  yields  of  7.60,  7.87,  and  8.04  tons  per  acre. 
Taking  seven  fields  for  which  the  yields  were  most  nearly  equal,  the 
range  of  variation  being  slightly  over  two  tons  and  the  average  yield 
being  6.93  tons  per  acre,  the  average  use  was  found  to  be  a  depth  of 
30.7  inches.  Thus,  at  Woodland  it  is  found  also  that  the  usual  maxi- 
mum use,  taking  an  average  of  one  wet  and  one  dry  season,  does  not 
depart  widely  from  that  found  most  satisfactory  at  Davis;  also  that 
the  maximum  average  yield  for  one  field  during  the  two  years  of  record 
was  obtained  with  slightly  less  than  30  inches. 

Dixon,  Here  the  largest  yield  in  the  single  year  of  observation  was 
9.97  tons  per  acre  with  a  total  depth  of  irrigation  of  37.7  inches,  in 
addition  to  a  seasonal  rainfall  of  7.31  inches.  The  average  use  for  six 
fields,  from  which  complete  records  are  available,  was  35.3  inches,  or 
again  in  close  agreement  with  the  Davis  experiments. 

The  allowance  necessary  to  be  made  for  diflference  in  local  soil  con- 
ditions and  irrigation  practice  is,  it  is  believed,  fully  established  by 
the  comparisons  made  above.  In  general,  as  already  indicated,  the 
statement  is  justified  that  the  six-year  record  for  Davis  is  applicable 
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throughout  the  valley  with  the  exception  of  on  the  very  open  soils  such 
as  those  around  Orland,  and  also  with  the  exception  of  the  silty  clays 
and  clay  adobes  found  in  these  investigations  in  the  neighborhood  of 
Willows,  but  also  existing  elsewhere  in  considerable  areas.  The  average 
for.  Willows  indicates,  as  already  pointed  out,  that  total  irrigations  of 
less  than  24  inches  per  season  are  insufficient  for  satisfactory  yields, 
whUe  the  results  at  Orland  indicate  that  applications  averaging  in 
excess  of  48  inches  per  year,  while  sometimes  difficult  to  overcome  on 
the  very  gravelly  soils,  do  not  give  corresponding  increases  in  tonnage. 
The  average  use  at  Woodland,  which  was  below  that  at  either  Dixon 
or  Gridley,  was  plainly  a  result  of  the  payment  for  irrigation  water 
on  a  quantity  rather  than  on  a  flat  acreage  basis.  Finally,  the  average 
at  Gridley  illustrates  what  may  be  expected  on  the  open  loam  soils 
underlaid  with  hardpan  or  ground  water. 

TABLE   No.   16. 

Summary  of  Results  of  Alfalfa  Dutv  of  Water  Measurements  on  54  Farms  In 

Sacramento  Valley,  1913  and  1914. 
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19.76 


14 

281.22 

1913 

3.31 

12 

130.40 

1913-14 

5.15 
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214.62 

1913-14 

4.66 

8 

27.71 

1914 

1.88 

12 

295.07 

191S-14 

2.88 

' 

207.17 

1913 

2.94 

54 

1 

1,150.09 

8.87 

6.19 
6.01 
6.26 
4.82 
6.46 
6.76 


6.06 


'Blerffs  record. 
,  'Red  Bluff  record. 
■Davis  record. 

Quantities  of  Water  to  Apply  to  Sacramento  Valley  Alfalfa  Fields  at  Single 
Irrigations  as  Determined  by  the  Capacity  of  the  Different  Soils  to  Retain 
Water. 

Investigations  of  the  gross  and  net  duty  of  water  made  in  the  western 
states  during  the  past  two  decades  have  demonstrated  fully  the  need  for 
carrying  duty  of  water  studies  further  than  measuring  the  quantities 
of  water  applied.  Therefore,  in  recent  years,  investigators  have  turned 
their  attention  to  more  or  less  precise  methods  of  determiriinj?  water 
requirements  of  crops  under  the  various  western  soil  and  climatic  con- 
ditions. The  experiments  on  the  duty  of  water  for  alfalfa  conducted 
at  Davis  from  1910  to  1915  were  intended  to  be  as  nearly  as  possible  an 
application  of  these  more  or  less  precise  methods  to  typical  field  con- 
ditions. When  conducting  the  more  general  studies  on  typical  farms 
throughout  the  Sacramento  Valley,  however,  it  was  not  possible,  as 
already  pointed  out,  to  duplicate  fully  the  methods  followed  at  Davis. 
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Nevertheless,  by.  making  careful  observations  of  the  underground  dis- 
tribution of  the  irrigation  water  applied,  a  knowledge  of  what  became 
of  the  irrigation  water  was  substituted  for  a  method  of  control  that 
limited  the  applications  to  particular  definite  quantities. 

At  the  outset  of  the  investigations,  one  of  the  important  practical 
questions  presented  was,  how  much  irrigation  water  applied  at  one 
time,  and  added  to  that  already  present  in  the  soil  at  the  time  of  irri- 
gation, would  the  various  soils  of  Sacramento  Valley  retain  t  While  no 
particular  effort  was  made  in  the  investigations  to  ascertain  how  much 
irrigation  water  the  various  soils  encountered  would  hold  during  the 
actual  process  of  irrigation^,  it  was  desired  to  ascertain  how  much  would 
be  retained  after  any  surplus  should  pass  on  through  the  soil;  or,  in 
other  words,  how  much  of  the  water  applied  would  be  retained  against 
gravity.  As  the  amount  retained  would  depend  very  largely  upon  the 
size  of  tlie  soil  particles,  it  was  deemed  best  to  have  physical  analyses 
made  of  the  soil  from  a  number  of  the  fields  under  observation  This 
was  done  by  the  division  of  Soil  Technology  of  the  college  of  agricul- 
ture of  the  University  of  California.  Further :  As  the  quantity  of  water 
soils  will  absorb  and  the  rapidity  with  which  it  is  absorbed  depend  quite 
largely  on  the  compactness  of  the  soil ;  and,  also,  in  order  to  be  able  to 
determine  what  portion  of  the  water  applied  in  irrigation  was  retained 
by  the  soil,  it  was  necessary  to  ascertain  the  volume  weight  of  the  soils 
**in  place."  This  was  done  partly  by  standard  laboratory  methods, 
but  chiefly  by  a  special  field  method  devised  in  the  course  of  the  inves- 
tigations, and  found  to  conform  within  satisfactory  limits  to  other 
methods  commonly  used  by  investigators  in  more  precise  experiments.' 

Reference  to  the  amount  of  irrigation  water  that  was  retained  by  the 
soils  of  the  various  fields  for  which  soil  moisture  determinations  are 
available  has  been  made  in  connection  with  the  results  obtained  in  the 
various  areas.  As  shown  there,  the  principal  work  in  tracing  the  under- 
ground movement  of  the  irrigation  water  applied  was  done  on  15  fields — 
the  Huartson  and  Williams  fields  at  Gridley ;  the  Wigno,  Bundy,  Hof- 
henke,  and  Geer  fields  at  Los  Molinos ;  the  0  'Hair  field  at  Orland ;  the 
Purdy  and  Tuttle  fields  at  Willows ;  the  Griffes,  Beck,  Hughson,  Guile, 
and  Jackson- Woodard  fields  at  Woodland;  and  the  Wright  field  at 
Dixon.  Results  obtained  in  1915  on  the  special  experimental  tract  north- 
east of  Willows  are  comparable  with  results  on  the  15  fields.  The 
following  summary  arranges  these  fields  in  accordance  with  a  general 


*Thls  was,  however,  Indirectly  ascertained  through  "pore  apace"  determinations. 

'The  method  followed  consisted  In  weighing  all  of  the  soil  taken  from  holes  carefully 
bored  with  a  two-inch  posthole  type  soil  auger  and  then  ascertaining  the  volume  of  thiE 
soil  as  It  was  "in  place"  by  the  use  of  a  thin  rubber  tube  inserted  in  the  hole  and  fille<1 
with  a  known  quantity  of  water.  This  method  was  "checked"  against  the  laboratory 
method  by  use  of  the  Bowman  soil  compactor,  the  iron  cylinder,  and  the  paraffir 
methods  as  applied  to  soils  in  place,  in  a  series  of  experiments  conducted  by  lir.  O.  W. 
Israelsen  of  this  investigation  and  Professor  Charles  F.  Shaw  of  the  division  of  Soil 
Technology  of  the  department  of  agriculture  of  the  University  of  Calif omia. 
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soil  classification  and  presents  the  essential  data  with  reference  to  the 
amount  of  water  retained  in  the  upper  six  feet  of  soil  on  each  field. 
With  the  possible  exception  of  the  Guile  field  at  Woodland  and  the  fields 
at  Willows,  the  soil  sampling  indicated  that  the  full  capacity  of  the  soil 
to  retain  water,  assuming  sufficient  drainage  to  carry  oflE  the  free  water, 
was  satisfied. 


TABLE   No.  17. 

Summary  of  Number  of  Irrigations  per  Season,  Average  Depths  of  Water  Applied 
at  Each  Irrigation,  and  Amounts  of  Water  Retained  In  Upper  Six  Feet  of  Soil 
for  Fifteen  Typical  Alfalfa  Farms  In  Sacramento  Valley,  1913-1914^  and  by  Upper 
Five  Feet  of  Soil  on  Willows  Experimental  Plat,  1(115. 


Cluf  of  ton  vid  BUM  of  field 


LocAtion 


Iniga- 

tionspor 

anaon 


Averast 

dopthsof 

water  ep- 

plied  Mr 

IrrlsAtion, 

Inches 


snt  loam  BoOs  with  line  sandy 
loam  rabeolls— 

Wittto „— — . 

Griflas 


AT«agei  .. 

sot  loam  foll»- 
Bnndy  ....»« 


HoflMnke 


snt  loam  soils  not  taelnded  In 
pieceding  groop— 

Hoffbson . ^^-. 

Hnartson  .^ . .-.^.. 

Williams 

day  loam  soils— 

Onialr 


Quils   .^ 

Jaekfon-Woodard 
Wright 


ATsrages 


Olay  soils^ 

Pnrdy — 


Tattle 


Olay  sons— 

Plats  S  and  4 

PlaU  «  and  7 

Plate  U  and  IS 


ATsrages ^ ^~ 


;1 


LoB  MoUnoB 
Woodland  .. 


4 

8 


Los  MollnoB 
Woodland  — 
Lob  MollnoB 


i 
t 
4 


Woodland 

Grldley 

Gridley 


Orland 

Lob  MoIinoB 
Woodland  .- 
Woodland  .. 
Dixon   


9 

4 
4 


8 

4 
8 
8 
8 


WillOWB 

Willows   . 


4 
4 


WIUowB  Experi- 
mental  Tract 


12 
8 
4 


Water  retained  fay  ummt 
Sfeetof  loll 


Aere-iuchee 
per  acre 


Percent 

of  amount 

applied 


18^ 
1L78 


16.08 


12^ 

9.68 

16.88 


12.81 


89.60 
n.20 
'6.88 


4.89 
8.14 


SJ» 


I 


4.08 
4.19 
4M 


4.84 


8.80 

4.19 

»8.7« 


86.8 
68.1 


^.8 


8L6 
44.0 
S7a 


^.1 


80.7 
68.1 
40.9 


4.16 

8.66 

68.7 

19.67 

4.60 

28.9 

6.61 

4.70 

71.1 

8.M 

8.88 

41.4 

•5.44 

2.81 

42.4 

8.78 

8.60 

^89.8 

5M 

1.48 

89.8 

M.88 

2.9S 

66.0 

4.78 

2.20 

^46.8 

2.00 

•0.M 

27.0 

3.00 

•1.07 

85.7 

6.00 

•1.57 

26.2 

8.67 

1.06 

>8B.9 

*  Averages  determined  by  giving  percentages  weights  proportionate  to  the  amount 
of  water  applied. 

•Sampled  only  for  last  three  irrigations. 

'Sampled  only  for  three  irrigations. 

•Sampled  only  for  last  two  irrigations. 

•Moisture  determinations  made  to  depth  of  only  four  feet. 

•Moisture  determinations  made  to  depth  of  only  five  feet. 
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Examination  of  the  above  summary  brings  out  the  following  facts 
that  should  be  of  practical  interest  to  the  irrigator: 

1.  Four  times  as  much  water  was  applied,  on  the  average,  to  the  silt  loam  aoils 
with  fine  sandy  loam  subsoils  as  it  was  possible  to  apply,  on  the  ayerage,  to  the 
compact  clay  soils  of  the  experimental  tract  at  Willows,  and  more  than  three  times 
as  much  as  was  applied  to  the  clay  soils  of  the  Purdy  and  Tuttle  fields  at  Willows. 

2.  Only  about  one-third  of  the  water  applied  to  the  silt  loam  soils,  as  represented 
by  five  fields,  was  retained  for  the  use  of  the  alfalfa  plants  in  the  upper  six  feet  of 
soil,  where  the  principal  root  development  is  located. 

3.  In  the  case  of  none  of  the  15  fields  under  observation  did  the  amount  of 
water  retained  per  irrigation  in  the  upper  six  feet  of  soil  exceed  8.20*  acre-inches  per 
acre,  and  in  only  two  cases  of  the  15  did  it  exceed  six  acre-inches. 

4.  In  only  two  cases  out  of  ten  in  connection  with  the  clay  soils  did  the  water 
that  was  absorbed  by  the  upper  six  feet  of  soil  reach  four  acre-inches  i>er  acre,  in 
only  three  cases  did  it  exceed  three  acre-inches  per  acre,  and  in  four  cases  it  was 
less  than  two  acre-inches  per  acre. 

5.  The  average  quantities  of  water  retained  per  acre-foot  of  soil  per  irrigation 
were  0.92  acre-inch  for  the  silt  loams  with  fine  sandy  subsoils,  0.71  acre-inch  for  the 
silt  loams  without  fine  sandy  loam  subsoils,  0.58  acre-inch  for  the  clay  loams,  and 
0.37  acre-inch  for  the  clays,  not  including  the  experimental  tract  at  Willows — ^in 
every  case  less  than  one  acre-inch  per  acre-foot  of  soil. 

6.  The  maximum  average  quantities  of  water  retained  by  the  upper  six  feet  of 
soil  per  acre-foot  per  irrigation  were  1.02  acre-inches  for  the  silt  loams  with  fine 
sandy  loam  subsoils,  0.75^  acre-inch  for  the  silt  loams  without  fine  sandy  loam  sub- 
soils, 0.78  acre-inch  for  the  clay  loams,  and  0.49  acre-inch  for  the  clays. 

7.  Counting  only  the  fields  in  which  the  full  capacity  of  the  soils  to  retain  water 
against  gravity  was  satisfied,  t .  i\,  all  of  the  fields  having  loam  soils  except  the  Guile 
field  at  Woodland,  the  average  water  retained  per  irrigation  in  the  upper  six  feet 
of  soil  was  4.31  acre-inches  per  acre,  or  only  32.6  per  cent  of  the  average  individual 
applications,  and  only  0.72  acre-inch  per  acre-foot  of  soil. 

8.  Assuming  that  in  every  case  the  surface  foot  of  soil  received  at  each  irrigation 
sufficient  water  to  satisfy  its  full  capacity  to  retain  water  against  gravity,  it  is 
found  from  the  detailed  data  at  hand  that  the  average  for  the  18  fields,  including 
the  experimental  tract  at  Willows,  was  1.23  acre-inches  per  acre,  and  that  the 
averages  for  the  different  soil  types  were  1.08  acre-inches  per  acre  for  the  silt  loams, 
1.35  acre-inches  per  acre  for  the  clay  loams,  and  1.35  acre-inches  per  acre  for  the 
clays.  Therefore,  in  the  case  of  the  typical  silt  loam  soils  of  Sacramento  Valley, 
assuming  one  irrigation  per  cutting,  single  applications  of  irrigation  water  exceeding 
a  depth  of  one  to  one  and  one-half  inches  per  foot  in  depth  of  soil  it  is  necessaiy 
to  moisten  accomplish  no  useful  purpose ;  and  while  the  typical  clay  loama  and 
clays  of  Sacramento  Valley,  in  their  normal  condition  of  moisture,  will  absorb  and 
hold  against  gravity  as  much  as  one  and  one-fourth  to  one  and  three-fourths 
inches  in  depth  of  irrigation  water  per  foot  of  soil  it  is  necessary  to  moisten,  that 
amount  of  water  will  not  be  absorbed  by  these  soils  unless  it  is  applied  very  slowly.* 

It  seems  perfectly  evident  from  the  figures  given  above  that  there 
is  much  ground  for  improvement  in  the  matter  of  the  quantity  of  water 


UJlay  loam  strata  at  depths  varying  from  eight  to  ten  feet  caused  partial  "water 
loK^KinK  In  overly inj?  soil,  hence  the  ligure  S.20  is  unusually  high.  All  of  the  water  in 
this  soil  was  not  retained  ajjainst  gravity. 

-Not  counting  the  field  on  which  S.2U  nere-inches  per  acre  were  retained  because 
of  abnormal   conditions  previously  referred   to. 

•'It  is  of  interest  liere  to  note  tiiat  with  the  surface  foot  of  soil  filled  to  its  cai>aclty 
to  retain  water  against  gravity,  the  percentages  of  the  pore  space  of  the  soil  filled 
were  as  rollows:  For  the  silty  loam  soils,  from  37  to  55  and  averaRinfi:  46.6;  for  the 
clay  loam  soils,  from  51  to  71  and  averaging  62.2:  for  the  clay  BOlis,  from  67  to  74 
and  averaging  65.5  ;  and  for  all  of  the  fields  combined,  54.5. 
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to  apply  to  the  alfalfa  fields  of  Sacramento  Valley  at  single  irrigation'^*. 
Sad  it  been  feasible  to  carry  the  soil  moisture  determinations  to  a 
greater  depth  than  six  feet,  the  extent  of  the  waste  resulting  from  the 
large  single  applications  would  be  clearer.  The  data  obtained  are, 
however,  sufScient  to  show  clearly  that  the  prevailing  practice  on 
Sacramento  Valley  alfalfa  fields  is  to  apply  far  more  water  at  single 
irrigations  than  the  more  open  soils  have  capacity  to  retain  and  than 
the  more  compact  clay  soils  absorb  under  the  methods  of  application 
followed. 

A  significant  comparison  can  be  made  between  the  amounts  of  water 
retained  by  the  soil  in  the  case  of  the  15  typical  Sacramento  Valley 
alfalfa  farms  and  the  amounts  retained  in  the  case  of  six  of  the  plats 
on  the  experimental  tract  at  Davis,  where  the  applications  of  water 
were  under  definite  control.  The  average  depth  of  water  applied  per 
irrigation  to  these  six  plats  was  7.75  inches  and  the  average  quantity 
retained  in  the  upper  six  feet  of  soil  in  the  years  1913,  1914,  and  1915 
was  4-59  acre-inches  per  acre,  or  66.8  per  cent  of  the  amount  applied. 
On  some  of  these  plats,  however,  the  borings  for  soil  moisture  deter- 
minations were  made  to  a  depth  of  12  feet  and  it  was  found  that  within 
this  depth  practically  all  of  the  water  applied  was  retained  for  the 
benefit  of  the  plants.  The  average  amount  of  water  added  by  irrigation 
to  the  surface  foot  of  soil  in  the  Davis  experiments  was  1.45  acre-inches 
per  acre.  In  other  words,  from  the  standpoint  merely  of  the  capacity 
of  such  deep  loam  soil  as  that  at  Davis  to  retain  irrigation  water  against 
gravity,  and  assuming  that  the  lower  depths  will  *'take  up''  as  much 
water  as  the  surface  foot,  the  application  once  per  cutting  of  one  and 
one-half  acre-inches  of  water  per  acre-foot  of  soil  it  is  desired  to  moisten 
is  not  excessive. 

Desirable  Irrigation  "Heads"  for  Sacramento  Valley  Alfalfa  Fields. 

In  any  investigation  of  the  proper  duty  of  water  the  size  of  the  irriga- 
tion heads  used  and  its  relation  to  the  type  of  soil  irrigated,  the  method 
of  irrigation  followed,  and  the  size  and  slope  of  the  individual  areas 
watered  with  a  single  head  are  always  important.  Fields  may  Ix;  evenly 
surfaced  and  levees  perfectly  made  and  proportioned  and  yet  the  result 
stin  will  be  excessive  waste  or  inadequate  absorption  if  the  stream  of 
water  turned  into  each  cheek  is  either  too  large  or  too  small.  The  dis- 
cussion as  to  what  became  of  the  water  applied  on  a  numb<;r  of  Sa^'ra- 
mento  Valley  alfalfa  fields,  already  presented,  showed  that  wliere  large? 
quantitiiss  were  applied  to  the  open  loam  soils  at  sinj^le  irrigations  much 
of  the  water  passed  below  the  principal  rooting  zones  of  the  alfalfa 
plants,  and  that  the  usual  practice  followed  in  irrigating  the  day  hoWh 

15— 27335a 
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failed  to  accomplish  sufficient  penetration  by  the  water.  The  stabilizing 
of  the  irrigation  heads  used  in  Sacramento  Valley,  with  direct  refer- 
ence to  the  size  of  checks  and  the  character  of  the  soil,  is  obviously  one 
of  the  very  important  irrigation  problems  of  the  valley.  Quite  exten- 
sive experiments  and  observations  will  be  necessary  for  furnishing  a 
satisfactory  basis  for  fully  understanding  this  problem,  but  the  collec- 
tion of  some  information  bearing  on  the  question  was  accomplished 
during  the  investigations  in  1913  and  1914.  This  information  was 
obtained  from  twenty-five  fields — three  at  Gridley,  two  at  Los  Molinos, 
five  at  Orland,  two  at  Willows,  nine  at  Woodland,  three  at  Davis  and 
one  at  Dixon.  Five  classes  of  soil  were  covered — gravelly  loams,  three 
fields ;  sandy  loams,  four  fields ;  silt  loams,  nine  fields ;  clay  loams,  six 
fields;  and  clays,  five  fields.  Observations  of  the  underground  dis- 
tribution of  the  water  applied  were  made  in  connection  with  ten  of  the 
fields.  The  following  summary  lists  the  fields  according  to  the  soil 
classification  made,  with  the  fields  within  each  group  arranged  according 
to  the  rates  of  application  used  expressed  in  cubic  feet  per  second 
per  acre. 
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TABLE   No.  18. 

Summary  of   Rates  of  Application   of  Water  to  Sacramento   Valley   Alfalfa    Fleldii 

at  Separate  Irrigatlonsp  1913-1915. 


BoU  tvps  and  fl«kl 


Graveny  loams- 
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snt  loama— 
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west  half  Field  8.. 
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west  half  Field  8.. 
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west  half  FMd  8.. 
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east  half  Field  8.. 
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west  half  Field  8._ 
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Huirhson - 
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Olay  loams— 

Bratton ^ 
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Jadoon-Woodard, 
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Wrteht 

Average 
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Brantley 

Goes 

Goos .— ^ — 

Chambers ^^^-. 

Cooper  — . 

Average 


Locatloo 


Orland 
Orland 
Orland 


Woodland 

Woodland 
Woodland 
Woodland 
Woodland 
Woodland 
Woodland 
Grldley 


Davis 

Davis 

Los  Mollnos 

Davis 

Davis 

Davis 

Davis 

Davis 

Davis 
Woodland 

Davis 

Davis 

Woodland 

Oridley 

Woodland 

Woodland 

Grldley 


1914  * 
1913  i 
1914 
1914 
1913 


Grldley 

Woodland 

Woodland 

Woodland 

Woodland 

Woodland 

Woodland 

Woodland 

Orland 

Dixon 


1918 

1914 

1914 

1913 

1913 
1914 
1913 
1914 
1914 
1913 


92 
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478 

449 

478 
1,275 
1,275 
1,27.-) 
1,2:X) 
99 


BO    Level 


40 
40 
40 


40 
94 

94 
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40 

92 


8.6 ; 

2.5 

8.5 

2.5  I 
2.0  . 
2.0  ■ 
2.0 
2.5 
Level 


4  0.11 

8  0.41 

8  0.44 

6  0.41 


6 
1 
4 

1 
3 


0.44 
2.78 
2.78 
3.06 
1.15 


8      0.21 


1.9 
4.4 

4.8 

8.8 

8.8 

18.3 

12.0 

12.5 

3.4 

0.2 


Orland 

Willows 

Willowe 


1914 
1915 
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LoB  MoIInos     1914 


Willows 


1915 
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eoo  I 

000 

561 : 

022  I 
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40 
40 
60 
40 


Level 

12.0 

12.0 

2.6 

6.0 


18  0.62 

7  0.56 

10  0.56 

6  0.64 

7  0.57 


2.7 
2.5 
1.9 
1.0 
0.7 


8.8 

17.8 

0.96 

10.7  1 

0.63 

9.8 

0.71 

9.2 

0.61 

8.6 

0.56 

4.8 

0.49 

4.8 

0.64 

4.1 

0.61 

3.0 

0.35 

1.0 

0.39 

7.8 

6.2 

0.22 

4.6 

0.23 

8.5 

0.18 

1.6 

0.24 

1.2 

0.22 

8.2 
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It  is  evident  from  the  above  summary  that  the  most  desirable  head  of 
water  to  use  on  any  given  soil  can  not  be  determined  adequately  by 
comparing  use  on  different  fields,  especially  when  the  applications  have 
not  been  entirely  under  control,  with  a  view  to  determining  the  best 
rates  to  follow.  The  present  general  practice  in  Sacramento  Valley, 
expressed  in  cubic  feet  per  second  per  acre,  is,  however,  satisfactorily 
indicated  from  the  average  figures  obtained,  namely,  23  for  gravelly 
loams,  10.9  for  sandy  loams,  8.8  for  silt  loams,  7.3  for  clay  loams,  and 
3.2  for  clays.  The  difficulty  of  irrigating  porous  soils  with  small  heads, 
and  of  irrigating  clay  soils  with  large  heads  is  well  recognized  among 
irrigators,  even  if  the  most  satisfactory  relationships  have  not  been 
worked  out  in  detail. 

While  a  comparison  of  the  rates  of  application  on  different  fields  as 
given  above  fails  to  disclose  the  best  size  of  heads  to  use,  a  comparison 
of  the  relation  between  irrigation  heads  and  depth  of  application  on 
single  fields  makes  it  plain  that  in  many  cases  the  heads  should  be 
increased,  or  even  better,  that  the  area  of  checks  should  be  reduced. 
This  is  made  clear  by  the  following  summary  which  gives  the  average 
heads  used  and  the  depths  of  water  applied  for  those  cases  in  which 
more  than  one  observation  for  a  single  field  provides  a  basis  of  com- 
parison : 

TABLE  No.  19. 

Summary   of    Rates   of  Application   of   Water   and   of   Depths   Applied   at   Different 

Irrigations   of   Five   Individual    Fields. 


Soil  type  and  name  of  field 


Rate  of 
aiipllca- 
tlon,  m. 
ft.  per  tee. 
per  acre 


Depths  of 
water  ap- 
plied, feet 


Sandy  loamB— 

Grlffes,  south  plat_ _ 

Griflfes,  south  plat — 

Grlffes,  north  plat 

Griffes,  north  plat _. 

Grlffes,  north  plat __ 

Griffes,  north  plat 

Grlffes,  north  plat 

Silt  loams- 
University  Farm,  west  half  Field  8 

University  Farm,  west  hall  Field  3 

University  Farm,  west  half  Field  3 

University  Farm,  west  half  Field  3 

University  Farm,  west  half  Field  3 

University  Farm,  east  half  Field  3 

University  Farm,  east  half  Field  3 

University  Farm,  east  half  Field  3 

University  Farm,  east  half  Field  3 

Hughson  -.- _ 

Hughson _ __ _ __. 


Clay  loams— 
Jackson-Woodard,  south  plat. 
Jackson-Woodard,  south  plat. 
Jackson-Woodard,  north  plat. 
Jackson-Woodard,  north  plat. 

Guile  _ 

Guile - 

GuJle 

Olaya— 

GOOB 

Goos 


2S.9 

1.00 

19.4 

1.41 

10^ 

0.90 

8.2 

1.00 

8.0 

0.92 

«.o 

1.11 

4.8 

1 

1.23 

15.9       ! 

0.78 

16.0 

0.84 

10.8 

1.48 

9.9 

1.17 

8.4 

S.OB 

10.6 

1.82 

9.7 

1.06 

9.0 

1.70 

8.7 

2.78 

6.4 

2.00 

44> 

2.28 

10.7 

0.68 

9.9 

0.81 

9.8 

0.71 

8.0 

0.66 

4.8 

0.49 

4.8 

0.54 

4.1 

0.61 

4.8 

0.21 

S.9 

0.18 
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It  is  seen  from  the  above  summary  that  in  each  instance  for  sandy 
loam  and  for  silt  loam  the  depth  of  water  applied  increased  with  a 
decrease  in  the  rate  of  application,  although  in  individual  cases,  and  by 
a  small  margin,  there  are  exceptions.  As  already  pointed  out  in  con- 
nection with  the  quantities  of  water  the  different  Sacramento  Valley 
soils  will  retain  against  gravity,  the  depths  applied  in  single  irrigations 
in  such  instances  as  the  Griffes  and  Hughson  fields — from  0.96  foot  to 
1.41  feet  on  the  former,  and  as  high  as  2.28  feet  on  the  latter — are 
plainly  excessive,  and  the  figures  given  above  make  it  evident  that, 
when  compared  to  the  size  of  the  checks,  the  irrigation  heads  used  on 
such  fields  were  too  small.  This  deficiency  in  the  rate  of  application  is 
even  more  plainly  marked  in  the  case  of  University  Farm  field  No.  3, 
on  which  the  depth  of  water  applied  per  irrigation  ranged  from  0.76  foot 
to  3.08  feet  and  averaged  1.58  feet. 

If  the  above  figures  seem  to  lack  somewhat  in  conclusiveness,  data 
obtained  in  a  single  experiment  at  Davis  in  1915  fully  support  the  con- 
clusion reached  above.  In  this  experiment  measurements  were  made  of 
the  amount  of  water  required  to  cover  a  one-acre  check  having  a  slope 
of  three  and  one-half  inches  per  100  feet  when  applied  at  different 
rates.    The  data  obtained  were  as  follows : 

Bate  of  application.  Depth  of  water 

cubic  feat  per  required, 

■ecood  per  acre  feet 

4.6 2.75 

10.1 1.86 

18.5 ,  a.l6 

15.3 0.84 

17.8 0.69 

Until  the  proper  relation  between  irrigating  heads  and  size  of 
cheeks  is  satisfactorily  worked  out  in  Sacramento  Valley  soil,  there  is 
sure  to  be,  there  as  well  as  elsewhere,  much  difference  of  opinion  as  to 
whether  small  checks  and  correspondingly  small  irrigation  heads  or 
large  checks  and  correspondingly  large  irrigation  heads  should  prevail 
in  the  irrigation  of  alfalfa.  Those  who  favor  large  checks  and  larj^e 
heads  base  their  preference  chiefly  on  the  greater  rapidity  with  which 
irrigation  can  be  accomplished  with  large  heads,  and  also  on  the  assumed 
lesser  cost  of  preparing  the  land  for  irrigation.  As  a  rule,  where  large 
heads  are  available  they  are  used,  and  in  some  ca.sos,  as  pointed  out  in 
connection  with  the  heavy  soils,  especially  the  ** water  tight*'  soils  found 
in  some  portions  of  the  Willows  area,  the  heads  were  plainly  larger  than 
they  should  be.  In  the  case  of  individual  pumping  plants,  which  rarely 
discharge  more  than  one  or  two  cubic  feet  per  second,  checks  necessarily 
are  small.  That  waste  of  land  goes  with  the  large  field  ditches  n(»ee.H.sary 
in  carrj'ing  large  heads,  and  also  that  extrava«?ant  notions  of  use,  and 
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a  greater  waste  when  breaks  occur  with  large  heads,  are  sound  argu- 
ments in  favor  of  small  heads,  can  not  be  doubted.  Thoughtful  consid- 
eration by  irrigators  and  intelligent  advice  by  public  agencies  in  time 
will  work  out  that  relationship  which  best  will  serve  both  irrigators  and 
the  public.  In  the  mean  time,  it  is  very  clear  that  irrigators  should 
bear  in  mind  the  fact  that  the  irrigation  head  should  not  be  a  constant 
quantity,  but  should  be  varied  where  practicable,  with  the  different 
soils  found  on  nearly  every  farm. 

Desirable  Moisture  Percentages  for  Alfalfa  in  Sacramento  Valley  Soils  and 
the  Effect  of  Variation  in  Soil  Moisture  on  Rates  of  Alfalfa  Growth. 

In  interpreting  the  large  number  of  soil  moisture  determinations  made 
at  Davis  and  on  Sacramento  Valley  alfalfa  farms  from  1913  to  1915, 
account  has  been  taken  of  the  moisture  percentages  found  as  related  to 
the  percentages  at  which  the  plants  would  wilt,  and  also  of  the  effect 
of  the  variation  in  those  percentages  on  the  growth  of  the  alfalfa.  The 
percentages  at  which  the  plants  wilt,  or  the  ** wilting  coefficients,"  have 
been  computed  on  the  basis  of  the  experiments  of  Messrs.  Briggs  and 
Shantz  of  the  Bureau  of  Plant  Industry  of  this  department.^  As  indi- 
cated by  these  experiments,  the  wilting  percentage  may  be  stated  to  be 
the  point  below  which  moisture  in  the  soil  ceases  to  be  available  to  the 
plants,  or,  at  least,  below  which  it  is  obtained  only  with  great  difficulty. 
Due  largely  to  the  difference  in  the  size  of  the  soil  particles,  plants  will 
wilt  in  clay  soils  when  there  is  still  an  amount  of  moisture  that  in  sandy 
soils  would  be  ample  for  all  plant  requirements.  In  interpreting  the 
figures  that  have  been  obtained,  therefore,  in  so  far  as  they  relate  to 
the  rates  of  growth  of  the  alfalfa,  it  must  be  kept  in  mind  that  the  per- 
centage of  moisture  above  the  wilting  point,  or,  in  other  words,  the 
available  moisture,  has  the  most  significance. 

The  summary  below  presents  the  essential  soil  moisture  data  found, 
expressed  as  percentages  of  the  dry  weight  of  the  soil  and  ranged  in 
order  of  alfalfa  yields,  for  eight  plats  on  the  irrigation  tract  on  the 
University  Farm  at  Davis,  for  1915 ;  for  six  plats  on  the  experimental 
field  at  Willows,  for  1915;  and  for  11  Sacramento  Valley  farms  for 
eitlier  1913  or  1914,  together  with  the  soil  types,  the  depths  of  irriga- 
tion water  applied,  and  the  total  yields.  In  this  summary  the  total 
and  available  moisture  percentages  are  given,  and  also  the  range  between 
mean  maximum  and  mean  minimum  percentages. 


^U.  S.  Dept.  Apr.,  Bureau  of  Plant  Industry  Bulletin  230.  The  wilting  per- 
centapTcs.  or  "wiltinj?  coefficients,"  for  the  Sacramento  Valley  soils  are  based  on  the 
"moisture  equivalents"  of  those  soils  as  determined  In  the  laboratory  of  the  division 
of  Soil  Technology'  of  the  department  of  agriculture  of  the  University  of  California  In 
the  course  of  these  investigations.  It  might  be  noted  here  that  the  moisture  equiva- 
lents are  the  percentagfs  of  moisture  retained  in  the  soil  after  the  soil  has  been 
subjected  to  a  centrifugal  force  equal  to  1,000  times  the  force  of  gravity. 
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TABLE   No.  20. 
Depths  of  W>t«r  Applied.  Ylalds  of  Alfalfa,  PercenUoe*  of  Molsti 
Wilting     Parcentaoes    tor    8     Expertmental     Plat*    at     Davl*, 
—  —  -     —    Wlllowi,    and     11    Sacramento    Valley    Alfalfi     "  — 


B     Experimental 


Order  cf  YIelda. 

PIiU  or  BiU 

*™"°"             ^ 

i 

i! 
p 

s 

lis 

IP 

1  3£. 

i 

ft 

ft 

-    ? 

Si 

tS.  16 

JackBOn-Woodaid  „ 

DBTll 

Davis 

D«T[. 

Woodland 
Wooalaod- 
Orland 

Loi  IlOUDO* 

LDi  Hollnoa 
Lot  UollnoH 

snt  loami 
Clay  loam 
Silt  loam 

Slltlo«m 
Silt  Ion  ml 

ClaT  loam 

Silt  loam 

1     Silt  and  fine 

1      »ndf  loam 

City  loam 

ClHylOHDI 

Clay 

Clay 
Clay 

Clay  loam 
aar 
Oar  loam 

t.DO  ]     8.81 

tOI       8.» 

S^.    8.K 
£.00       7.0S 
j  1.90       7.08 

L04       7^17 
9M       fl.09 

2.'oo .   b!ot 

2^00       4.4Z 

la^w 

IT.W 
16.S0 

14  .W 

i«!ss 

19.IS 

lojfi 
KLU 
10,16 

13.M 
ILU 

4.80         (.41 
B.01  !      4,14 

M,  » 

7.1B  1      8.74 

BMk 

1,00 
£.84 

4J0 

£.« 

17.77  j        1S.14 
14.85            10.15 

BSl 

17,38  .         IftW  I      10.7S 

1S.83        iijo       i.oa 

m.S»          18.»         8.S0 

Willow. 
WlUom 

WIUOITB 

Woodland 

Willow* 

■a,  ta _. 

e,  7 

w? 

1.14  !     4.!8  1     WM  \        14.41  ■      l.n  !      1.40 
1.00  1     3-V5       11.64  1        lB.7a     -1.08  1       1.81 

[■entHHes  as  given  abov*:  Silt  loams  with  fine  sandy  Bubeolla, 

13. li;  cLay  loama,  14.21;  clays,  13.0e. 
'  avallshle  moisture  preB^nt:  With  yields  over  S  lona  per  acre, 
6  to  M  tona  per  acre.   1.4S:   with  ylelilB  uniler  6  tons  per  acre 
',  S.91;  with  ylr-ld.^  under  e  tons  per  acre  due   to  dendeney  ot 


Obviously,  it  is  impossible  to  disregard  the  numerous  soil  and  climatic 
factors  other  than  soil  moisture  that  affected  the  yields  of  alfalfa  and 
then  to  expect  the  yields  and  moisture  percentages  to  be  consistent 
throughout.'     However,  by  grouping  the  yields  above  eight  tons  per 


■The  low  yields  on 
chemical  anaiysls  ot 
aci»>rdlnKly  taken  at  di 
Upman.  profeaaor  ot  Br 
of  California.  The  res 
follow : 


:  Tehama  days  at  Willows  suSBPsted  the  desirability  ot  a 
e  siiU  from  the  experimental  plat  there.  Samples  were 
l\s  of  4  nnd  20  inthes  and  submitted  for  analysis  to  Dr.  C.  B 
cliemlslry  and  bacterioloKy,  pollPBe  ot  aKrIciilture,  Unlverally 
s  ot  the  analysis,  together  with  the  comments  ot  Dr.  Llpman, 


Kltrosen    0.059  0,016 

Phosphoric  add 0.11  0.12 

Potash 0,K3  0.62 

Lime    0.63  0.T4 

"These  analyses  show  that  the  Rreat  deficiency  ot  the  soil  is  in  nitrogen,  undoubt- 
edly bolh  avallnble  and  total.  There  is  an  ample  supply  of  potash,  by  all  the  stand- 
ards which  we  use  at  the  present  lime  as  criteria.  There  is  a  quantity  of  lime,  which, 
for  that  type  ot  Boll,  Is  low,  though  for  oidinary  soila  would  be  quite  ample.  There- 
fore ilme  should  be  added  to  that  soil  in  larger  nu.anlity  for  the  sake  of  the  physical 
condition,  though  chemically  speaking!,  the  above  fltcures  would  appear  to  be  adequate. 
The  phosphoric  add  content  siiows  adequacy,  provided  the  root  systems  ot  the  plants 
coJi  have  at  least  three  (eet  ot  soil  to  teed  on.  Otherwise  phosphate  fertlllaers  will 
have  to  be  employed." 
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acre,  from  six  tons  to  eight  tons  per  acre,  and  below  six  tons  per  acre, 
it  is  possible  to  approximate  the  best  or  '* optimum"  percentage  of 
available  moisture  over  and  above  the  amount  necessary  in  each  soil 
to  prevent  wilting.  Assuming  the  yields  over  six  tons  per  acre  to  have 
been  produced  on  soil  having  at  least  as  much  as  the  *' optimum" 
percentage  of  available  moisture,  the  summary  indicates  that  the 
** optimum"  for  Sacramento  Valley  conditions  ranges  between  about 
three  per  cent  and  about  seven  per  cent  and  averages  about  five  per 
cent  above  the  wilting  percentage. 

For  the  Hofhenke  field  at  Los  Molinos  and  plat  31  at  Davis,  on  both 
of  which  an  excess  of  irrigation  water  was  applied,  the  average  available 
percentage  was  8.91,  or  well  above  the  "optimum."  On  the  other 
hand,  the  average  percentage  of  available  moisture  on  experimental 
plats  3,  4,  6,  7, 11,  and  12  at  Willows,  plats  17  and  30  and  18  and  29  at 
Davis,  the  Guile  field  at  Woodland,  and  the  Purdy  field  at  Willows, 
for  which  either  the  application  or  the  absorption  of  irrigation  water 
was  plainly  deficient,  was  only  1.02,  or  well  below  the  ** optimum." 

The  column  in  the  summary  giving  the  percentages  of  moisture  that 
must  be  present  in  the  various  Sacramento  Valley  soils  dealt  with  in 
order  to  prevent  wilting,  and  also  the  averages  for  the  various  soil 
types  as  given  at  the  foot  of  the  summary,  are  believed  to  be  of  value 
because  they  indicate  to  Sacramento  Valley  irrigators  not  only  the 
difference  between  the  clay,  or  '* heavy"  soils  and  the  loams  and  sandy 
soils  as  regards  the  amount  of  soil  moisture  needed  to  prevent  wilting, 
but  also  that  for  all  of  the  soils  the  wilting  percentage  is  higher  than 
farmers  usually  suppose.  If  one  could  assume  an  absolutely  dry  soil 
it  might  be  convenient  for  irrigators  to  know  that,  as  disclosed  in  the 
investigations  reported  herein,  the  amount  of  water  necessary  to  supply 
the  wilting  percentage  is  approximately  the  equivalent  of  about  one 
and  two-thirds  inches  of  rainfall  per  foot  of  depth  of  soil  in  which  the 
crop  is  growing  in  the  case  of  the  silt  loams  with  fine  sandy  loam 
subsoils,  of  about  two  inches  in  the  case  of  the  other  silt  loams,  of  about 
two  and  one-fourth  inches  in  the  case  of  the  clay  loam,  and  of  two  and 
three-fourths  inches  or  more  in  the  case  of  clays  such  as  those  found 
at  Willows.' 

In  other  words,  with  an  absolutely  dry  silt  loam  soil  eight  feet  deep 
the  first  16  inches  of  irrigation  water  would  no  more  than  supply  the 
amount  of  moisture  necessary  to  keep  deep-rooting  plants  from  wilting; 
or  expressed  still  differently,  with  such  a  soil  wholly  devoid  of  moisture, 
the  equivalent  of  a  rainfall  of  two  inches  for  each  one  foot  depth  of 

*Tho  soil  moisture  fltiuli<'s  In  ronnoction  with  tlie  clay  soils  at  Willows  disclosed 
lower  wlltlnpf  percentages  and  lower  capacities  to  absorb  irrigirB.tion  water  than  were 
to  liave  been  exix'cted.  It  is  not  intended  to  discuss  this  technical  phase  of  the  sub- 
ject In  the  present  report,  and  conclusions  for  all  Sacramento  Valley  clay  soils  can 
not  and  should  not  be  drawn  from  the  experience  reported  herein  with  the  Tehama 
clays  under  Investigation  at  Willows. 
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soil  the  crop  utilizes  would  need  to  be  supplied  before  the  roots  of  the 
crop  could  begin  to  utilize  the  moisture.  Fortunately  an  absolutely 
dry  soil  is  rarely  found  in  Sacramento  Valley,  even  at  the  end  of  the 
summer  season,  and  except  in  very  dry  years  the  soils  of  Sacramento 
Valley  are  not  likely  to  begin  the  spring  growing  season  with  less  soil 
moisture  than  the  wilting  percentage.  Those  having  clay  or  other 
heavy  soils,  however,  should  not  fail  to  take  note  of  the  very  low 
available  moisture  percentages,  or  the  absence  of  any  available  moisture 
whatever,  and  the  resulting  very  low  yields  of  alfalfa',  indicated  in  the 
bottom  six  lines  of  the  summary.  The  figures  given  should  make  it 
very  plain  that  soils  into  which  irrigation  water  percolates  with  diflS- 
culty  should  be  watched  very  carefully  at  depths  from  four  to  six  feet 
below  the  surface.  The  experience  of  the  field  investigators  at  Willows 
indicated  that  this  care  is  especially  necessary  even  early  in  the  summer 
in  order  to  insure  that  an  adequate  irrigation  supply  shall  replace  the 
moisture  absorbed  from  the  winter  rainfall  after  that  has  been  utilized/ 

Seasonal  Duty  of  Water  on  Sacramento  Valley  Alfalfa  Farms. 
For  the  purpose  of  showing  what  portion  of  the  total  irrigation 
water  used  annually  by  Sacramento  Valley  alfalfa  growers  is  applied 
in  each  month  of  the  irrigation  season,  the  figures  obtained  for  1913 
and  1914  have  been  averaged  and  the  results  given  in  Table  No.  20. 
It  is  to  be  noted  that  the  monthly  use  differs  slightly  in  different 
sections.  The  greater  rainfall  at  Los  Molinos  and  Gridley  results 
naturally  in  a  later  beginning  of  irrigation  in  the  spring  and  an  earlier 
ending  in  the  falL  Besides,  there  was  no  water  shortage  at  either 
Gridley  or  Los  Molinos  during  the  two  years  of  the  investigation. 
Irrigation  at  Orland  ended  earlier  in  1913  than  in  1914  because  of 
shortage  of  water.  At  Woodland,  as  explained  in  the  text,  in  1S13, 
which  was  a  year  of  scant  rainfall  and  high  prices  for  alfalfa,  in  nearly 
each  case  irrigation  began  in  March,  whereas  in  1914,  a  year  of  ample 
supply  but  of  low  returns  on  hay,  it  did  not  begin  on  any  farm  before 
June,  in  some  cases  not  before  July,  and  in  two  cases  not  before 
August,  when  a  single  irrigation  for  the  season  was  applied.  It  might 
be  added  that  the  figures  for  both  Gridley  and  Dixon  covered  the 
year  1913  only.* 


*What  is  said  In  the  text  regarding  desirable  moisture  percentages  for  Sacramento 
Valley  soils  srowing  alfalfa  considers  the  matter  only  from  the  standpoint  of  the 
total  annual  yields  of  hay.  It  is  obvious,  however,  that  the  annual  yields  are 
results  of  conditions  that  vary  from  day  to  day  and  from  week  to  week.  For  Instance, 
considering  the  moisture  factor  only,  annual  differences  in  yield  were  results  of  the 
dally  and  weekly  dlfTerences  due  to  daily  and  weekly  variations  in  soil  moisture.  The 
data  collected  have  been  studied  with  reference  to  the  effect  of  these  changing 
moisture  percentages  on  the  seasonal  rates  of  growth,  but  as  no  data  were  collected  to 
indicate  daily  or  even  weekly  variations  in  rates  of  growth,  making  it  necessary  to 
rely  on  average  rates  of  growth  between  ctittinps,  such  deductions  as  were  sugKestcd 
in  the  study  have  not  seemed  sufTiciently  conclusive  to  warrant  their  presentation. 
It  is,  however,  possible  to  say  tliat  where  the  moisture  percentage  was  found  to  fall 
below  the  wilting  point  there  was  also  found  a  definite  falling  off  in  the  rate  of 
alfalfa  growth. 

'For  seasonal  duty  on  individual  farms  sec  Cal.  State  Dept.  Engineering,  Bui.  No.  1, 
pp.  51-53. 
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TABLE   No.  21. 


Summary  of  Seasonal  Duty  of  Water  for  Alfalfa 

1913  and  1914. 

on  62  Sacramento  Valley 

Farms, 

March, 
per  CMit 

April, 
percent 

May. 

pei  cent 

June, 
percent 

July, 
percent 

August, 
percent 

Sepicm- 

bar.  per 

cent 

12.67 

18J29 

§.46 

15.00 
11.97 
14J7 

Oetoher. 
percMt 

Grkflcy 

Los  Molinos 

Orland , 

WIUOWB    

Woodland 

Dixon  

6.46" 

•    4.14 

,          5*46" 

10.48 

18.42 

18.67 

19.17 
16.47 
14.28 

20.86 
19.23 
18.46 
21.83 
17.10 
16.00 

20.22 

24.10 
l&K 
16.17 
81.05 
20.00 

1&48 
18.71 
1&07 
27.83 
7.00 
13Jr7 

LIB 
Ua 

IS 

6.71 

Averaffea 

5.13 

1.76 

20.21 

18.76 

1 

28«40 

UM 

ISjil 

1 

1.75 

Note. — ^Averages  for  entire  valley  fibred  from  all  farms  and  not  from  section 
averages. 

Cost  of  Irrigating  and  Handling  Alfalfa  in  Sacramento  Valley  in  1914. 

Records  were  kept  in  1914  of  the  cost  of  irrigating  and  handling 
alfalfa  in  the  sections  of  Sacramento  Valley  where  alfalfa  duty  of  water 
determinations  were  being  made.  The  items  covered  the  cost  of  cut- 
ting, raking,  shocking,  stacking  and  baling.  The  average  total  cost 
of  the  first  four  of  these  items  was  $1.88  per  ton.  The  cost  of  baling 
in  Sacramento  Valley  ranged  from  $2  to  $2.25  per  ton.  The  prevailing 
prices  of  labor  in  Sacramento  Valley  were  $2  to  $2.50  per  day  per 
man  and  $1  per  head  for  stock.  The  usual  price  for  a  man  applying 
water  was  25  cents  per  hour.  The  data  gathered,  averaged  for  the 
separate  sections  and  for  all  of  them  taken  together,  are  summarized 
in  Table  No.  21. 

TABLE  No.  22. 
Cost  of  Irrigating  and  Handling  Alfalfa>  Sacramento  Valley,  1914. 
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Annual  coat 
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a? 
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here 

as* 
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_  O  1 

*  -*• 

1   o 
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1   ^ 

r*n  ^ 

!   o 

O  ETC 

1     K 

t  fi  r;. 

'   •* 

1   *  ■ 
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Total  cost  of  handltes  crop,  per  ton  of  ta«y 
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a 
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09 

s 
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o 

t 
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Woodland  average  _ $0  92 

Los  Molinos  average 1  Gl 

Orland  average  — 2  11 

Willows  average - 12'> 


$2  66 
2  00 
2  00 
1  75 


Genera]  average -   $1  48    |2  08 


$0  28 

f0  14 

$0  20 

50 

21 

26 

53 

23 

34 

67 

86 

80 

$0  49 

10  23 

$0  27 

10  79 

82 

89 

1  09 


|2  14 


90  65   $12  79 

'  10  85 

11  48 

7  as 


fie  SI 

15  99 

loss 


10  89 $10  45  914  iff 


»Do  not  Include  Interest,  depreciation,  etc..  or  other  similar  ''overhead"  charges. 

In  comparing  the  costs  for  the  diflferent  areas  it  should  be  borne  in 
mind  that  the  cost  of  water,  the  number  of  irrigations,  and  the  number 
of  crops  cut  were  not  the  same  in  the  diflferent  sections.    For  instance. 
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the  highest  cost  per  acre  was  at  Woodland,  where  the  charge  for  water 
was  higher  than  elsewhere.  The  lowest  cost  was  at  Willows,  where  it 
was  found  more  profitable  to  pasture  the  fields  after  two  or  three  crops 
had  been  removed.  The  cost  of  applying  water  at  Orland  was  about 
double  that  of  other  sections  owing  to  the  larger  number  of  irrigations 
^ven  between  cuttings.  The  usual  price  received  for  alfalfa  hay  in 
1914  was  $4  per  ton  in  the  stack  and  $6.50  per  ton  baled.^ 

SUMMARY  AND  CONCLUSIONS. 

1.  This  bulletin  discusses  observations  of  the  duty  of  water  made 
under  the  direction  of  the  Office  of  Experiment  Stations  or  the  Office 
of  Public  Roads  and  Rural  Engineering  from  1910  to  1915,  inclusive, 
at  the  California  University  Farm  at  Davis,  on  54  Sacramento  Valley 
alfalfa  farms  near  Qridley,  Los  Molinos,  Orland,  Willows,  Woodland, 
and  Dixon,  during  1913  and  1914,  and  on  an  experimental  tract  near 
Willows  in  1915. 

2.  Soils,  representative  of  extensive  areas  in  Sacramento  Valley, 
indudiDg  the  Madera,  Qridley,  Vina,  Tehama,  Elder,  and  Yolo  series, 
were  included  in  the  investigations.  The  various  fields  represented 
claases  of  soil  varying  in  texture  from  the  gravelly  loams  of  the  Elder 
series  to  the  clays  of  the  Tehama  series. 

3.  The  water  used  on  the  alfalfa  fields  was  measured  by  current 
meters  or  weirs  and  its  underground  distribution  was  ascertained  by  soil 
borings  shortly  before  and  shortly  after  irrigations  and  by  about  11,000 
soil  moisture  determinations. 

4.  Average  annual  depths  of  water  applied  were  found  to  vary  from 
1.83  feet  in  the  Willows  area  to  5.15  feet  in  the  Los  Molinos  area,  and  on 
a  single  field  the  smallest  annual  application  was  1.04  feet  on  a  clay 
loam,  as  compared  to  9.59  feet,  on  a  gravelly  loam,  botti  of  which  were  at 
Orland. 

5.  With  the  exception  of  the  highly  permeable  Elder  gravelly  loams 
at  Orland  and  the  very  impervious  Tehama  clays  and  clay  loams  at 
Willows,  the  results  of  the  work,  as  a  whole,  are  in  agreement  with  the 
results  of  the  six-year  duty  of  water  study  at  Davis.  These  have  indi- 
cated that  a  depth  of  from  30  to  36  inches  of  water  annually  is  the  most 
desirable  quantity  of  irrigation  water  to  apply  under  general  Sacra- 
mento Valley  conditions.  Total  depths  of  less  than  24  inches  annually, 
exclusive  of  rainfall,  are  insufficient  for  satisfactory  yields  as  indicated 
by  the  Willows  work,  while  application  of  depths  of  48  or  more  inches 
per  year  do  not  produce  corresponding  increases  in  alfalfa  yields. 


*For  detailed  costs  on  the  Individual  farms  see  Cal.  State  Dopt.  Engineering  Bui. 
No.  1,  pp.  80-31. 
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6.  Not  counting  the  experimental  plats  at  Davis  or  at  Willows, 
moisture  determinations  were  made  chiefly  on  15  fields,  of  which  13  were 
of  silt  loams  or  clay  loams.  In  the  case  of  all  but  one  of  these  loam 
soils,  for  which  one  the  full  capacity  of  the  soil  to  retain  water  waa  not 
satisfied,  the  average  quantity  of  irrigation  water  retained  per  irriga- 
tion in  the  upper  six  feet  of  soil  was  equivalent  to  a  depth  of  only  4.31 
inches,  or  only  32.6  per  cent  of  the  average  individual  applicatioius,  and 
only  0.72  acre-inch  per  acre  per  foot  in  depth  of  the  soil.  Although  the 
roots  of  alfalfa  penetrate  in  these  soils  to  a  greater  depth  than  six  feet, 
it  is  plain  that  a  considerable  portion  of  the  irrigation  water  went  below 
the  zone  of  greatest  root  activity  and  was  largely  or  wholly  wasted. 

7.  Considering  the  quantities  of  irrigation  water  retained  in  the 
upper  six  feet  of  soil  for  all  of  the  fields  for  which  soil  moisture  deter- 
minations were  made,  it  is  found  that  the  average  quantity  retained  in 
the  lighter  and  more  permeable  soils  was  0.92  acre-inch  per  acre  for  each 
foot  in  depth  of  soil,  or  the  equivalent  of  five  to  six  acre-inches  per  acre 
for  six  feet  of  soil,  whereas  the  clay  soils  absorbed  an  average  of  only 
0.37  acre-inch  per  each  acre-foot  of  soil,  or  at  the  rate  of  only  about 
two  and  one-quarter  acre-inches  for  six  acre-feet,  due  to  their  great 
imperviousness  in  their  present  condition.  In  the  surface  foot,  how- 
ever, the  light  soils  retained  an  average  of  1.04  acre-inches  per  acre- 
foot  of  soil  as  compared  to  1.71  acre-inches  per  acre-foot  held  by  the 
clay  soils,  this  being  in  accordance  with  the  well-known  fact  that  clay 
soils,  when  thoroughly  wetted,  will  hold  much  more  soil  water  than 
soils  of  coarser  or  ** lighter''  texture. 

8.  Averaging  the  quantities  of  irrigation  water  retained  by  each 
field  for  which  moisture  determinations  were  made,  it  is  found  that 
the  maximum  quantities  retained  per  acre^foot  of  soil  per  irrigation 
were  1.02  acre-inches  for  the  silt  loams  with  fine  sandy  subsoils,  0.75 
acre-inch  for  the  silt  loams  without  fine  sandy  subsoils,  0.78  acre-inch 
for  the  clay  loams,  and  0.49  acre-inch  for  the  clays. 

9.  Considering  only  the  moisture  determinations  from  the  surface 
foot  of  soil  of  the  15  farms  and  the  three  Willows  experimental  plats 
for  which  such  determinations  were  made — in  each  case  the  surface 
foot  held  its  full  capacity  of  irrigation  water-^it  is  plain  that,  in  the 
case  of  the  typical  silt  loam  soils  of  Sacramento  Valley,  single  appli- 
cations of  irrigation  water  exceeding  depths  of  one  to  one  and  one-half 
inches  per  foot  in  depth  of  soil  it  is  necessary  to  moisten  accomplish 
no  useful  purpose.  While  the  typical  clay  loams  and  clays  of  Sacra- 
mento Valley  will  retain  against  gravity  in  their  normal  growing 
condition  as  iiiucli  as  one  and  one-quartor  to  one  and  three-quarters 
acro-inchcs  of  irrigation  water  per  acre-foot  of  soil,  over  and  above 
the  amount  normally  found  in  such  soils  under  Sacramento  Valley  field 
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conditions,  that  amount  of  irrigation  water  will  not  be  absorbed  by  these 
soils  unless  it  is  applied  very  slowly. 

10.  The  wilting  percentages  or  **  wilting  coefficients''  for  the  Sacra- 
mento Valley  soils  under  investigation  ranges  from  10.35  in  the  case  of 
the  silt  loams  of  the  experimental  irrigation  tract  on  the  University 
Farm,  at  Davis,  to  16.59  in  the  case  of  clay  loam  on  the  same  tract. 
The  average  wilting  percentages  for  the  several  types  of  soil  under 
observation  were  10.65  for  the  silt  loams  with  fine  sandy  subsoils,  13.12 
for  the  other  silt  loams,  14.21  for  the  clay  loams,  and  13.06  for  the 
clays.  The  approximate  quantities  of  water  necessary  to  apply  to 
thoroughly  dry  soils  of  the  types  listed  to  bring  the  moisture  content  up 
to  the  wilting  points  given  are,  in  inches  in  depth  per  foot  of  soil,  1.5 
for  the  silt  loams  with  fine  sandy  subsoils,  2  for  other  silt  loams,  2.3  for 
the  clay  loams,  and  2.6  for  the  clays. 

11.  The  optimum  percentage  of  available  soil  moisture  for  Sacra- 
mento Valley  alfalfa  soils,  over  and  above  the  percentage  at  which 
wilting  occurs,  seems  to  average  between  four  and  six  per  cent.  This 
is  equivalent  to  depths  of  from  0.6  to  0.9  inch  of  irrigation  water  per 
foot  of  soil  for  loam  soils  and  of  from  0.7  to  1.2  inches  per  foot  of  soil 
for  the  heavier  clay  loams  and  clays. 

12.  Alfalfa  planted  on  very  open  and  very  impervious  soils  should 
be  irrigated  more  than  once  between  cuttings.  This  is  necessary  in  the 
case  of  the  open  soils  because  of  the  inability  of  such  soils  to  retain  all 
of  the  moisture  needed  to  mature  a  crop,  and  in  the  case  of  the  imper- 
vious clay  soils  in  order  to  accomplish  deeper  penetration  of  the  irriga- 
tion water  into  them.  In  the  case  of  the  latter  soils  it  is  very  desirable 
that  the  moisture  supplied  by  winter  rains  shall  be  supplemented  by 
irrigation  water  sufficiently  early  in  the  spring  to  prevent  drying  out. 
The  frequent  use  by  irrigators  on  such  soils  of  a  soil  auger  is  to  be 
urgently  recommended,  the  investigations  reported  herein  having 
demonstrated  that  penetration  of  irrigation  water  into  the  clay  soils  is 
very  much  less  than  irrigators  usually  realize. 

13.  Under  the  present  general  practice  on  the  Sacramento  Valley 
alfalfa  farms  under  observation,  the  applications  of  irrigation  water, 
expressed  in  cubic  feet  per  second  per  acre,  averaged  23  for  gravelly 
loams,  10.9  for  sandy  loams,  8.8  for  silt  loams,  7.3  for  clay  loams,  and 
3.2  for  clays.  As  checks  seldom  are  as  much  a!s  one  acre  in  area,  the 
actual  irrigating  heads  usually  were  less  than  these  figures.  Where 
excessive  quantities  of  irrigation  water  have  been  applied  the  reason 
very  frequently  has  been  the  use  of  too  small  irrigating  heads  or  of  too 
large  checks.  Additional  data  are  necessary  to  give  a  satisfactory  basis 
for  definite  recommendation  as  to  rates  of  application.  It  is  already 
clear,  however,  that  irrigating  heads  that  are  not  large  enough  to  enable 
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alfalfa  checks  to  be  watered  evenly  with  six  acre-inches  of  water  per 
acre  per  irrigation  are  too  small,  and  the  remedy  is  either  larger  irri- 
gating heads  or  smaller  checks,  preferably  the  latter,  especially  in  the 
case  of  the  smaller  holdings. 

14.  Dimensions  and  grades  of  alfalfa  checks  vary  somewhat  in  the 
six  sections  of  Sacramento  Valley  studied.  Some  square  and  rec- 
tangular checks  are  used  in  each  section  but  border  or  ''strip"  checks 
are  most  common,  except  on  the  gravelly  soils  at  Orland,  where  the  most 
satisfactory  check  probably  is  one  about  100  feet  square,  containing  a 
little  under  one-fourth  acre,  and  with  each  check  having  direct  access 
to  a  field  lateral  to  do  away  with  carrying  water  to  one  check  over 
another.  The  border  checks  range  from  30  to  120  feet  in  width  and 
from  60  to  1,750  feet  in  length,  the  most  usual  width  being  from  30  to 
50  feet  and  the  most  usual  length  from  400  to  700  feet.  The  grades 
of  border  checks  range  from  0.6  to  12  inches  per  100  feet  and  average 
3.6  inches  per  100  feet. 

15.  Irrigation  of  alfalfa  in  Sacramento  Valley  is  confined  to  the 
months  March  to  October,  inclusive,  and  in  1913  and  1914  it  was 
confined  to  the  months  May  to  September,  inclusive,  at  Gridley  and 
Willows,  and  May  to  October,  inclusive,  at  Los  Molinos.  Considering 
the  entire  six  districts  in  which  the  investigations  were  made,  tiie 
average  percentage  of  the  total  annual  use  that  was  applied  in  each 
month  of  the  irrigation  seasons  of  1913  and  1914  was  as  follows: 
March,  5.18;  April,  1.75;  May,  20.21;  June,  18.76;  July,  23.40;  August, 
15.34;  September,  13.61;  October,  1.75. 

16.  The  general  averages  of  the  various  items  making  up  the  cost 
of  irrigating  and  handling  alfalfa  in  Sacramento  Valley  in  1914  on  28 
farms  were  as  follows :  Applying  water,  including  cleaning  of  ditches, 
$1.48  per  acre;  water  charges,  or  cost  of  pumping,  $2.08  per  acre; 
cutting,  $0.49  per  ton;  raking,  $0.23  per  ton;  shocking,  $0.27  per  ton; 
stacking,  $0.89  per  ton;  total  for  handling  crop,  per  acre,  including 
cost  of  baling,  $10.45  per  acre ;  tot^l  of  all  irrigation  and  handling  costs, 
$14.07  per  acre. 
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Preliminary  Report  on  Conservation  and  Control 

of  Flood  Water  in  Coachella  Valley, 

California 


By  C.  E.  TAIT,  Irrigation  Engineer,  Office  of 
Public  Roads  and  Rural  Engineering,  United 
States  Department  of  Agriculture.  : 


(Based  on  data  gathered  under  cooperative  af^reement  between  the  Office 
of  Public  Roads  and  Ruial  Engineering  of  the  United  States  Deparuoeat  of 
Agriculture,  the  California  Stale  Department  of  Engineering,  and  the  Univer 
Eil]r  of  California  AgricuUural  Eiperiment  Station  and  reprinted  from  the 
Fifth  Biennial  Repori  of  the  Department  of  Engineering.) 
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PRELIMINARY  REPORT  ON  CONSERVATION  AND  CON- 
TROL OF  FLOOD  WATER  IN  COACHELLA  VALLEY, 
CALIFORNIA. 

By  C.  E.  Tait,  Irrigation  Engineer,  Office  of  Public  Roads  and  Rural  Engineering. 

U.  S.  Department  of  Agriculture. 

Description. 

Coachella  Valley  is  located  in  Riverside  County,  California,  east  of 
divide  between  Pacific  Ocean  and  Colorado  Desert,  and  it  comprises 
a  neck  of  the  desert  which  slopes  southeastward  from  the  summit  of  the 
Coast  Range  towards  the  Salton  Basin,  the  lowest  depression  of  the 
desert.  The  valley  has  not  taken  its  name  from  any  stream  which 
enters  or  crosses  it  and  it  might  have  been  named  after  Whitewater 
River,  which  is  the  trunk  of  its  drainage.  The  territory  to  be  consid- 
ered in  connection  with  the  conservation  and  storm  water  problems  of 
Coachella  Valley  may  for  convenience  be  divided  into  a  number  of 
general  divisions  which  are  best  understood  by  reference  to  the 
accompanying  map,  PI.  I. 

Valley  Areas. 

Beginning  at  the  northwestern  extremity  of  the  territory,  it  is 
instructive  to  consider  three  general  areas,  the  eastern  slope  of  San 
Qorgonio  Pass,  Coachella  Desert  and  Coachella  Valley.  San  Gorgonio 
Pass  is  flanked  on  north  and  south  by  the  higher  mountains  of  the 
Coast  Range  and  it  collects  much  of  the  drainage  of  the  headwaters  of 
Whitewater  River.  The  divide  is  between  Beaumont  and  Banning  and 
the  pass  extends  eastward  to  Whitewater.  This  area  contains  32,000 
acres.  Coachella  Desert  extends  from  Whitewater  to  Point  Happy 
and  contains  78,000  acres.  Coachella  Valley  extends  from  Point 
Happy  to  the  Salton  Basin  and  contains  145,000  acres. 

Drainage  Areas. 

The  limits  of  the  mountain  watersheds  of  Whitewater  River  and 
tributaries  are  shown  on  the  map  by  dashed  lines.  The  sheds  may  be 
considered  in  groups.  The  two  most  important  are  the  southeastern 
slopes  of  the  San  Bernardino  Mountains  cuhninating  in  Mt.  San 
Gk>rgonio  and  lying  north  of  San  Gorgonio  Pass  and  the  northeastern 
slopes  of  the  San  Jacinto  Mountains  lying  south  of  the  pass  and  central- 
ized around  the  peak  of  the  same  name.  The  northeastern  slope  of  the 
Santa  Rosa  Mountains  draining  into  Coachella  Valley  on  the  south- 
west side  is  of  less  importance,  while  the  drainage  toward  the  valley  on 
the  northeast  side  is  of  little  consequence. 
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The  area  of  mountain  watershed  is  as  follows: 

SquAre  mOci- 

San  Bernardino  Mountains,  drainage  to  San  Gorgonio  Pass — 

San  Gorgonio  River 28 

Potrero  and  Hathaway  creeks 22 

Millard  Canyon  10 

Streams  between  Millard  Canyon  and  Whitewater  River 22 

Whitewater  River 62 

150 

San  Bernardino  Mountains,  drainage  to  desert — 

Mission   Creek   46 

Big  and  Little  Morongo  creeks 100 

146 

San  Jacinto  Mountains,  drainage  to  San  Gorgonio  Pass — 

Small  streams  above  Snow  Creek 40 

Snow   Creek   23 

63 

San  Jacinto  Mountains,  drainage  to  desert — 

Streams  between.  Snow  and  Tahquiz  creeks 18 

Tahquiz  Creek 20 

Palm  Canyon  126 

164 

Santa  Rosa  Mountains,  drainage  above  Point  Happy — 

Streams  between  Palm  and  Deep  canyons 19 

Deep  Canyon  with  Dead  Indian  Creek 65 

84 

Santa  Rosa  Mountains,  drainage  below  Point  Happy — 

Streams  between  Deep  and  Martinez  canyons 48 

Martinez  Canyon 52 

Streams  below  Martinez  Canyon 60 

160 

Eastern  extension  of  San  Bernardino  Mountains,  drainage — 

Streams  between  Morongo  Creek  and  Salton  Sea 430 

Total    1,197 

"Whitewater  River  is  the  largest  stream  of  the  mountain  drainage  in 
both  maximum  rate  and  annual  amount  of  discharge.  Its  watershed, 
although  not  the  largest,  embraces  a  larger  area  at  high  elevation  than 
any  other  branch  and  its  summer  flow  is  kept  up  by  the  slow  melting 
of  snow  on  Mt.  San  Gorgonio.  This  stream  falls  from  an  elevation  of 
11,485  feet  at  the  summit  of  the  peak  to  1,400  feet  at  the  mouth  of  the 
canyon  in  20  miles,  or  at  the  rate  of  504  feet  per  mile.  The  mouth 
of  Whitewater  Canyon  is  shown  by  PI.  II,  Pig.  1.  . 

San  Gorgonio  River  is  a  more  extended  branch  of  the  Whitewater 
drainage  than  the  Whitewater  itself  and  is  the  second  stream  in  size 
entering  San  Gorgonio  Pass.  Millard  Canyon  and  Potrero  Creek  flow 
in  small  amount  through  the  summer. 

Mission  and  Big  and  Little  Morongo  creeks,  although  having  a  large 
watershed,  do  not  drain  an  area  of  as  high  precipitation  as  streams 
entering  the  pass. 

Snow  Creek,  which  drains  the  north  slope  of  Mt.  San  Jacinto,  and 
Tahquiz  Creek,  which  drains  the  eastern  slopes  of  San  Jacinto  and 


Plate  II.  Pig.  1  (upper).— Looking 
tbowloi  cotncncM  of  giavcli  *t  the  I 
Atu  Canyon. 
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Tahquiz  peaks,  are  remarkable  for  being  precipitous.  It  is  doubtful 
if  their  grades  are  equaled  by  those  of  any  other  streams  of  equal  or 
greater  length  in  western  United  States.  Snow  Creek  falls  from  the 
summit  of  Mt.  San  Jacinto  at  elevation  of  10,805  feet  to  1,250  feet  in 
San  Qorgonio  Pass,  or  at  the  rate  of  1,365  feet  per  mile  for  its  entire 
length,  while  Tahquiz  Creek  falls  10,305  feet  from  the  same  summit  to 
the  desert  at  Palm  Springs  in  10  miles  at  the  rate  of  1,030  feet  per 
mile.  The  flow  of  Tahquiz  Creek  is  much  more  constant  than  Snow 
Creek  for  the  reason  that  the  former  has  its  source  in  mountain  flats, 
while  the  latter  is  precipitous  from  its  extreme  source.  PI.  Ill,  Pig.  1  is 
a  view  of  Tahquiz  Creek  at  Palm  Springs. 

Palm  Canyon,  shown  by  PI.  IV,  Fig.  2,  has  the  largest  watershed  of 
any  tributary  of  the  Whitewater,  but  the  shed  is  not  so  high  as  others 
and  the  length  of  the  canyon,  20  miles,  regulates  the  discharge  so  that  its 
floods  are  not  troublesome. 

Deep  Canyon  drains  the  north  slope  of  the  summit  of  the  Santa 
Rosas  with  elevation  of  8,705  feet,  and  while  the  rainfall  here  is  much 
less  than  on  the  San  Bernardinos  and  San  Jacintos,  the  stream  is  of 
some  importance  in  the  flood  water  problem  owing  to  the  fact  that  it 
empties  into  the  valley  only  a  few  miles  above  the  agricultural  lands 
and  at  a  point  so  far  down  the  valley  that  its  discharge  occurs  on  silt 
rather  than  on  the  more  absorbent  gravels. 

Martinez  Canyon  enters  the  valley  so  near  the  lower  end  that  its 
floods  do  not  menace  property  to  great  extent,  although  a  well-defined 
debris  cone  below  the  mouth  of  the  canyon  gives  evidence  of  the  occur- 
rence  of  storm  water.  The  crest  of  the  range  and  the  base  line  of  the 
eastern  extension  of  San  Bernardino  Mountains  are  shown  on  the  map 
from  the  unpublished  plats  of  new  surveys  of  the  United  States  Land 
Office.    This  area  is  large,  but  the  run-off  is  very  light. 

Stream  Discharge. 

Unfortunately  there  are  but  few  records  of  measurements  of  the 
discharge  of  Whitewater  River  and  tributaries.  The  only  authentic 
measurements  available  are  the  following  fragmentary  mea-suremcnts 
by  the  United  States  Geological  Survey: 

Whitewater  Biver. 

Feb.  16,  1898.     At  foot  of  Bear  Valley  trail 14/JO  sec.  ft. 

Feb.  17,  1898.     Two   miles   above   mouth 17.80  sec.  ft. 

I  North  fork  at  mouth,  5.64  sec.  ft.  \ 

Feb.  17,  1898.     /Middle  fork  at  mouth,  0.82  sec.  f t.  ( 12.88  sec.  ft. 

( South  fork  at  mouth,  7.42  sec.  ft.  ) 

Mar.    4,  1899.     At  mouth 2.52  sec.  ft. 

BnotD  Creek, 

Feb.  22,  1898.     4.50  sec.  ft. 
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On  April  3,  1916,  the  following  estimates  of  discharge  were  made 
from  observation: 

Whitewater  River  at  mouth  of  canyon — 75  sec-  ft 

San.  Gorgonio  River  at  S.  P.  railroad 20  sec  ft. 

Millard  Creek  at  S.  P.  railroad — 5  sec  ft- 

Tahquiz  Creek  at  mouth  of  canyon 30  sec.  ft. 

On  this  date  Palm  Canyon  at  mouth,  Deep  Canyon  at  mouth,  and 
Guadalupe  Creek  at  mouth  were  dry,  although  all  were  reported  to  be 
flowing  in  the  canyons.  Martinez  Canyon  was  not  visited,  but  was 
probably  flowing  in  the  canyon  but  not  in  the  wash  below  the  eanycm. 
Snow  Creek  was  discharging  a  small  stream  down  the  side  of  Mt.  San 
Jacinto,  but  the  water  was  not  reaching  Whitewater  as  surface  flow. 
It  was  also  observed  that  the  combined  waters  of  San  Gorgonio  River 
and  Millard  Creek  were  sinking  just  above  the  point  of  rocks  between 
Cabazon  and  Fingal  and  that  the  flow  of  Tahquiz  Creek  was  being  lost 
about  three  miles  below  the  canyon.  On  March  29,  1916,  the  water  in 
Whitewater  River  was  all  disappearing  in  the  vicinity  of  Palm  Springs 
station  and  no  surface  water  from  Mission  Creek  was  reaching  as  far 
down  as  the  Southern  Pacific  Railroad.  These  measurements  and 
o])servations  give  but  little  idea  of  the  flood  discharge. 

Character  of  Watershed. 

Most  of  the  mountain  watersheds  of  the  Whitewater  and  tributaries 
in  San  Bernardino  Mountains,  San  Jacinto  Mountains  and  some  of 
those  in  Santa  Rosa  Mountains  are  within  the  national  forest  reserva- 
tions. Mt.  San  Gorgonio  and  Mt.  San  Jacinto  reach  above  timber  line, 
which  in  southern  California  is  at  about  9,000  feet  elevation.  Gen- 
erally the  northern  slopes  of  the  mountains  are  more  heavily  timbered 
than  the  southern,  but  this  does  not  hold  true  for  Mt.  San  Jacinto 
because  its  northern  slope  is  of  granite  and  so  precipitous  that  trees 
have  little  chance  to  take  root.  Pine  timber  grows  on  the  upper  slopes 
of  the  San  Bemardinos  and  San  Jacintos  and  the  lower  slopes  are 
generally  covered  with  brush  consisting  mainly  of  sumac,  mountain 
mahogany,  buckthorn  or  wild  lilac,  and  chamiso,  commonly  called 
greasowood.  The  growth  on  Santa  Rosa  Mountains  is  more  sparse, 
wliile  the  eastern  extension  of  the  San  Bernardinos  is  nearly  barren  of 
chaparral. 

Precipitation. 

The  only  rainfall  stations  maintained  by  the  United  States  Weather 
Bureau  within  the  Whitewater  drainage  have  been  at  Indio,  Palm 
Springs  and  Salton  in  the  valley,  and  at  Cabazon  in  the  mountain  pass. 
The  gage  at  Beaumont  is  nearly  within  the  area  while  that  at  Seven 
Oaks   in   San   Bernardino   Mountains   and   that  at  Idyll  wild  in  San 


Plate  III,  Pig.  t  (upper)— Tahquii  Creek  ■(  Palm 
recipitoua  in  tbc  United  State*,  falling  l.oao  feet  per  i 
'atcr  Ehaniul  to  Point  Happi*.     Mount  San  Jacinto  in  the  diataac 
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Jacinto  Moimtaiiis  are  a  few  miles  over  the  divide  on  western  slopes 
where  the  precipitation  is  greater  than  at  the  same  elevation  on  the 
eastern  slopes.  The  recorded  seasonal  rainfall  in  inches  for  these 
stations  is  as  follows : 


1878-79  

1879-80  

188(K81 

1881-82 


1888-84 

1884-^ 

1886-86 


1887-88 


1889-90  .. 

1890-91  .. 

UMfl  MS  — . 

1892-98  .. 

18»M»I  -. 

1894-95  .. 


1895>97 
1807-98 
1808-99 
1899-00 
1900-m 
1901-Oe 
1902-98 
1908-04 
1904-06 
1906-06 
1968-97 
1907-^ 
1908-09 
1909-10 
1910-11 
1911-12 
191S-18 
1918-14 
1914-15 


Mean 


Indlo, 
elevation 

aoft. 

Palm 
Sprtngv. 
elevation 

Sfl4ft. 

S&lton, 

elevation 

263  ft. 

Beau- 
mont.* 
elevation 
3,600  ft. 

Cabazon, 
elevation 
1.779  ft. 

Seven 

0»hs. 

elevation 

5.050  ft. 

Irtyll- 

wlld. 

elevatfnn 

5,250  ft. 

1.90 

1                   1 

t            .40 

4.66 
1.50 
8.04 

: 

1 

1 

'          5.60 

.80 

.90 

1.35 

.95 

3.88 

5.£6 

2.42 

4.24 

1.6S 

!          1.01 

; 

1 

5.86 
8.57 
8.99 
1.68 
3.96 
7.75 
4.34 
0 
1.69 
2.08 
4.78 
4.79 
1.60 
2.10 
.35 
9.85 
5.70 
4.75 
3.03 
4.35 
5.16 
6.47 
4.05 
5.88 
5.72 
7.86 

4.37 

4.51 

3.88 

.92 

1.69 

1.53 

0 

3.87 

.85 

.89 

.84 

8.70 

1.88 

3.25 

.40 

9.29 

.58 

5.97 

"■"      ~"l      "   "~   ~~~ 

. 

6.01 

1 

.92 

r": 

1.29 

20.71 
11.30 
7.78 
11.28 
20.61 
18.51 
21.87 
11.98 
29.30 
23.19 
26.06 
17.79 

1 

2.S0 

-_..--•-__<_.--»_. 

1.70 
2.36 
8.04 
.60 
2.83 
2.05 
5.18 
4.70 

5.79 

6.66 
11.82 

7.70 
11.62 

6.67 
17.88 
18.36 
16.64 

8.40 
16.67 

1 

1 

19.48 

26.48 



14.95 
&5.01 
41.66 

5.88 

80.66 

3.18 

21.31 

!          8.13  ' 

35.34 

8.60 
2.44 

2.62 

25.35 

1 

30.96 
17.78 
13.73 
88.57 
41.55  . 

27.82 

17.56  ' 
10.23 
27.48 
28.61 

3.01 

1 



2.45 



5.48  • 

.-    _.     1 

' 

2.82 
37  aeafi. 

4.86 
26  seas. 

2.66 
18  seas. 

19.02 
16  seas. 

11.60  ' 

11  seas. 

I 

28.52 
5  seas. 

27.80 
10  seas. 

•First  twelve  seasons  from  private  record. 

The  mean  monthly  rainfall  for  Indio,  1877  to  1912,  and  for  Idyllwild. 
1901  to  1912.  the  one  bein^  in  the  valley  and  the  other  in  the  mountains, 
is  as  follows : 


lodio 

IdyUwUd   — 


Sept. 


.17 
.65 


Oct. 


Nov. 


.11  '       .21 
.92       2.16 


Dec. 


.47 
2.27 


Jan. 


Feb. 


M.ir.       Apr. 


May      June 


.72 

.45 

.81 

.07 

.03  1 

5.33 

4.65 

6.60 

1.86 

1.18 

_ 

.00 
.06 
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The  greatest  precipitation  for  any  month  during  the  period  for  which 
measurements  were  made  prior  to  1916  was  as  follows : 


station 


Raiufall 


Month 


Salton  _ 5.12 

Indio  _ _ _ 6.01 

Palm  Springs  _ 7.44 

Cabazon  9.00 

Beaumont  |  10.15 

Idyllwlld 16.15 

Seven  Oaks 16.83 


Fel).,  lfl» 
Jan.,  18S6 
Feb..  1881 
Mar..  1906 
Mar.,  1906 
Mar.,  1»6 
Fd).,  1915 


Prom  all  accounts  the  flood  of  January  17,  1916,  was  the  highast  in  18 
years,  if  not  the  highest,  ever  observed  in  Whitewater  River  by  the 
settlers  of  Coachella  Valley.  The  rainfall  for  January,  1916,  was  as 
follows : 


January  1_- 
January  2_- 
January  8.. 
January  4.. 
January  S.- 
January 6.. 
January  7_. 
January  8.. 
January  9— 
January  10_ 
January  11. 
Janunry  12. 
January  13. 
14- 
15- 
16_ 
17. 
18. 
19. 
20. 


January 
Janunry 
January 
January 
January 
January 
January 
January  21. 
January  22. 
January  2.3- 
January  2t_ 
January  25. 
January  26. 
January  27. 
January  28- 
Januury  2f). 
January  30. 
January  Si- 


Day 


Seven 
Oaks 


Beau- 
mont 


.65 


.60 
1.02 


1.40 
1.01 


Cabazon 


Palm 
SprlnsB 


Indio 


.12   .. 
.35  L. 


.60 
.26 
.60 


.52 

.28 

.27 

1.52 

5.60 

2.06 

6.10 

2.20 

3.40 

1.71 

.48 

.70 

.20 


.80 


.25 

.56 

1.00 

.67 

2.25 

1.58 

6.45 

2.70 

.10 

.08 

.35 

.35 

.20 
4.20 
4.60 
2.10 
2.80 


.80 

1.00 

1.00 

.75 

.85 


1.10 
.5S 


.50 
.10 


l.OO 


sn 


SI  .10 


14.20 


6.20 


ta 
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In  the  absence  of  measurements  the  following  estimate  of  the  flood 
of  January  17,  1916,  based  on  the  run-off  of  the  western  mountain 
slopes  of  San  Diego  County,  is  offered : 


SQuare 
mllei 


Seoond-feet 

ner  square 

mile 


Second- 
feet 


San    Bernardino    watershed 

San    Jacinto  watershed 

Santa  Rosa,  above  Point  Happy. 


Total  at  Point  Happy. 


296 

227 

8i 


200 
ISO 
100 


5,920 

8,400 

840 


10,160 


It  is  diflScult  to  make  comparisons  between  streams  on  the  eastern 
and  western  slopes  of  the  mountains  as  the  conditions  are  different. 
The  precipitation  for  a  year  or  a  month  or  perhaps  for  a  day  is  greater 
on  the  western  than  on  the  eastern  slopes,  but  the  precipitation  for  a 
storm  of  a  few  hours  duration  is  sometimes  very  heavy  on  the  eastern 
side  of  the  range  and  the  short  but  violent  storms  may  cause  heavy 
floods.  Another  difference  is  in  the  rapidity  of  run-off.  The  slopes  are 
steeper  on  the  desert  side  of  the  range  and  there  is  less  vegetation  to 
retard  the  run-off  than  in  the  more  humid  territory  draining  to  the 
Pacific  Ocean. 

Use  of  Surface  Water. 

Irrigation  development  in  Coachella  Valley  will  be  limited  by  the 
amount  of  water  available.  Only  a  small  proportion  of  the  land  can  be 
irrigated  from  the  Whitewater  drainage.  The  normal  summer  surface 
flow  of  the  streams,  excepting  that  from  Whitewater  Canyon,  is  already 
all  appropriated  and  used  for  irrigation.  The  flow  of  San  Gorgonio 
Canyon,  which  averages  about  11  second-feet  in  summer,  is  diverted  and 
used  by  the  Banning  Water  Company  at  Banning.  The  company  claims 
the  entire  flow  and  has  a  system  for  the  irrigation  of  2,700  acres.  The 
stream  supply  is  supplemented  by  wells  below  the  canyon.  The  com- 
pany spreads  flood  water  over  the  gravel  cone  below  the  canyon  in 
winter  for  the  benefit  of  the  wells. 

The  flow  of  Potrero  Creek  is  used  by  the  Indians  for  the  irrigation 
of  1,300  acres  of  land  on  the  Morongo  reservation.  The  discharge  of 
Millard  Canyon  is  conveyed  to  Cabazon  where  it  is  used  on  lands  under 
the  system  of  the  Cabazon  Water  Company.  Mission  Creek  supplies 
water  to  160  acres  on  the  Mission  Creek  Indian  reservation  at  the  mouth 
of  the  canyon.  Tahqniz  and  Andreas  creeks  furnish  water  for  200  acres 
on  the  Agua  Caliente  Indian  reservation  at  Palm  Springs  and  the  area 
irrigated  on  this  reservation  is  to  be  doubled.  A  small  area  is  also  irri- 
gated on  the  Santa  Rosa  reservation  at  the  headwaters  of  Palm  Canyon. 
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A  small  ditch  diverts  water  from  the  Whitewater  at  the  mouth  of  the 
canyon  for  use  on  a  single  ranch.  The  Rogers  Ditch  takes  water  from 
the  river  at  the  point  of  rocks  near  Whitewater  and  carries  it  eight  miles 
to  Palm  Springs  settlement  where  the  water  is  sold  to  users.  This 
conduit  is  cohble-lined  and  has  a  capacity  of  seven  second-feet. 

About  1913  the  Consolidated  Reservoir  and  Power  Company  com- 
pleted a  conduit  which  diverts  water  from  Middle  and  South  Forks  of 
Whitewater  River  in  the  mountains  at  7,000  feet  elevation  and  carries 
it  six  miles  across  the  divide  to  San  Gorgonio  River  from  which  it  is 
used  for  irrigation  at  Banning.  This  conduit  is  in  the  main  a  concrete 
lined  ditch  24  inches  deep  b}-  18  to  20  inches  wide  on  a  grade  of  20  feet 
per  mile,  constructed  to  carry  two  and  one-half  second  feet.  Two 
undertakings  known  as  the  Pluth  projects  solely  for  the  development  of 
power  on  the  headwaters  of  the  Whitewater  have  been  proposed. 
Rights  of  way  through  the  forest  reservation  have  been  secured  but  the 
works  have  not  been  constructed.  Several  small  private  ditcher  which 
do  not  have  a  permanent  water  supply  are  located  in  canyons  along  the 
southwest  side  of  the  valley  and  mountain  pass  and  late  water  filings 
have  been  made  on  Snow  Creek  and  other  streams  in  the  pass,  but  so 
far  as  is  known  the  claims  have  not  been  followed  by  construction, 
appropriation  and  use.  Ditches  and  main  pipe  lines  are  shown  on  the 
map  in  heavy  solid  lines  and  projected  power  development  conduits  are 
shown  in  heavv  dotted  lines. 

Underground  Waters. 

All  irrigation  in  Coachella  Valley  below  Point  Happy  is  from  wells. 
The  underground  water  on  which  the  wells  are  dependent  has  its  source 
in  tlie  precipitation  over  the  mountain  drainage.  The  light  rainfall  on 
the  valley  and  desert  areas  is  mainly  disposed  of  by  evaporation  in  the 
dry  atmosphere.  Except  for  short  and  infrequent  periods  of  high  flood. 
all  water  not  diverted  by  ditchers  is  taken  up  by  the  gravels  on  which 
the  canyons  debouch. 

During  the  suinmer  or  season  of  regular  irrigation  in  San  Gorgonio 
Pa.ss  but  little  water  is  allowed  to  reach  the  gravel  cones  from  any  but 
Whitewater  Canyon.  This  stream  normally  sinks  between  the  canyon 
find  Palm  Springs  Station.  The  water  absorbed  by  the  gravels  below 
the  canyons  moves  toward  Salton  Sea  and  its  gradient  conforms  in 
general  to  the  slope  of  the  land.  If  more  borings  were  made  between 
Whitewater  Canyon  and  Point  Happy  it  is  probable  that  a  number  of 
different  water  planes  might  be  established.  As  would  be  expected,  a 
ciencga  is  located  just  above  Point  Happy  where  the  ground  water  is 
held  up  nearly  to  the  surface  hy  the  obtrusive  granitic  point  giving 
rise  to  the  old  Indian  wells.  PI.  III.  Fig.  2  is  a  view  of  Point  Happy 
with  San  Jacinto  Peak  in  the  distance. 


PUtc  IV,  Fii.  I  (upper).— Grivdi  below  MiU  Crteh  Canjron.  Fig.  I  (lower),— Palm  CanyoD 
D«r  Dunitb,  ibowuiE  dry  channel  chatacterlalic  of  tbe  deactt  M<*pl  in  ilorm  period.  Palmt  art 
natiTa  ta  portiona  of  thia  caDyoo. 
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Effect  of  Precipitation  on  Underground  Water. 

The  rate  of  movement  of  the  underground  water  is  Yery  slow.  The 
highest  rate  of  movement  found  for  subterranean  flow  of  such  streams 
in  southern  California  as  San  Gabriel,  Los  Angeles  and  IMojave  rivers 
was  about  five  miles  per  year,  while  the  fluctuations  in  ground  water 
levels  generally  lag  one  year  or  more  behind  seasons  of  heavy  precipita- 
tion in  the  mountains.  Owing  to  the  distance  and  to  the  fine  materials 
through  which  the  water  must  percolate  it  is  probable  that  it  takes  more 
than  two  years  for  the  eflFect  of  precipitation  to  reach  the  artesian  basin 
in  the  valley.  This  slow  travel  of  the  water  regulates  the  eifect  at  the 
lower  end  of  the  valley  so  that  there  is  little  noticeable  response  in  the 
ground  water  level  to  a  single  year's  precipitation,  but  a  relation 
between  source  and  destination  must  exist  and  for  reasonable  perma- 
nence in  the  ground  water  level  the  output  from  welLs  in  the  valley  can 
not  in  general  exceed  the  input  to  the  gravel  cones  above. 

Slope  of  Land  and  Water  Plane. 

The  grade  from  Banning  to  Palm  Springs  station  is  82  feet  per  mile, 
from  Palm  Springs  to  Indio  30  feet  per  mile,  and  from  Indio  to  Mecca 
17  feet  "per  mile.  Direct  comparison  can  not  be  made  between  the  pro- 
files of  the  water  plane  and  the  land  surface,  for  no  wells  have  been 
bored  along  the  railroad  track  above  Indio. 

Some  idea  of  the  water  gradient  may  be  had  from  the  following: 
Water  was  struck  at  72  feet,  and  it  rose  to  45  feet  from  the  surface  in 
the  Warner  well  in  Sec.  14,  T.  3  S.,  R.  4.  E.,  at  Seven  Palms.  The  well 
in  SE.  i  Sec.  18,  T.  3  S.,  R.  5  E.  flows  lightly,  probably  due  to  intercep- 
tion of  the  underflow  of  Mission  Creek  by  the  hills  near  Seven  Palms. 
The  well  located  in  Sec.  2,  T.  5  S.,  R.  5  E.,  and  on  Whitewater  wash 
about  midway  between  Palm  Springs  and  Point  Happy,  reaches  water 
at  87  feet,  and  is  153  feet  deep,  penetrating  60  feet  of  water-bearing 
gravel.  The  McDonald  well  in  Sec.  20,  T.  5  S.,  R.  6  E.,  and  three  and 
a  half  miles  above  Indian  Wells,  reaches  water  at  100  feet.  This  well 
is  250  feet  deep  and  delivers  one  second-foot  w^hen  pumped.  Another 
well  being  drilled  on  the  same  site  is  now  at  420  feet,  and  is  to  be  700 
feet  deep.  Springs  and  shallow  wells  dug  show  the  ground  water  to  be 
practically  at  the  surface  at  Indian  WelLs,  one  mile  above  Point  Happy. 
The  underground  water  is  here  held  up  by  the  extension  of  the  point 
now  buried  by  the  alluvium.  After  passing  over  or  around  the  inter- 
cepting ridge,  it  soon  drops  to  a  lower  level  for  the  wells  on  the  date 
orchards  one  mile  west  of  Indio  and  at  sea  level  reach  water  at  50  feet. 
Below  Indio  the  water  plane  appears  to  have  a  uniform  slope  about 
one-half  as  great  as  the  ground  surface  until  it  meets  the  surface  at  the 
edge  of -the  artesian  area  between  Coachella  and  Thermal  at  elevation 
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100  feet  below  sea  level.     The  logs  of  wells  drilled  in  the  valley  show 
alternating  layers  of  clay,  sand  and  gravel  with  various  arrangements. 

Wells. 

Development  of  Coachella  Valley  began  about  1894  and  most  of  the 
wells  have  been  drilled  since  1900.  Including  irrigation  and  domestic 
wells,  over  400  have  been  drilled,  of  which  300  originally  flowed.  About 
1900  the  artesian  area  included  practically  all  land  below  the  100-foot 
contour  below  sea  level  and  land  around  Indio  up  to  the  sea  level  line, 
an  area  of  140  square  miles.  Owing  to  the  boring  of  new  wells  with 
increased  draft  on  the  basin  and  the  effect  of  dry  years  1897  to  1904, 
the  artesian  area  contracted  since  1905.  The  recession  of  the  under- 
ground water  level  has  apparently  been  to  some  extent  checked  by  the 
seasons  of  more  plentiful  rainfall  beginning  1905,  yet  the  general  ten- 
dency is  to  lower,  and  at  present  no  wells  above  Coachella  flow.  The 
100-foot  contour  below  sea  level  about  midway  between  Coachella  and 
Thermal  is  approximately  the  upper  limit  of  the  artesian  area  at  present, 
while  at  the  sides  of  the  valley  the  limits  are  lower,  the  area  being  only 
about  one-half  the  original. 

During  the  early  period  the  wells  were  generally  bored  to  depths  of 
400  or  500  feet.  After  the  reduction  of  the  artesian  area  some  wells 
were  bored  800  to  1,200  and  one  1,400  feet  deep,  penetrating  lower 
water-bearing  strata.  These  gave  larger  and  stronger  flows  than  the 
more  shallow  wells,  but  it  is  not  certain  that  the  flow  from  the  lower 
strata  will  be  more  permanent  than  from  the  upper.  At  the  present 
time  most  of  the  drilling  is  to  depths  of  abo.ut  600  feet,  for  if  pumping 
must  be  resorted  to,  a  medium  depth  gives  as  good  results  as  a  greater 
depth  of  well.  The  wells  as  located  by  the  United  States  Geological 
Survey  in  1907  are  shown  on  the  map  in  small  circles.  Those  with  a 
dot  within  the  circle  indicate  pumped  wells.  About  150  wells,  including 
some  that  flow  lightly,  are  now  pumped.  The  flow  of  the  wells  is  gen- 
erally less  than  one-half  a  second-foot.  Some  deliver  over  one  second- 
foot  when  pumped.  The  water  from  the  wells  is  of  good  quality.  The 
temperature  of  most  of  the  well  water  ranges  from  75  to  90  degrees,  the 
higher  temperatures  being  for  wells  near  Salton  Sea.  A  new  well  near 
Martinez  is  reported  to  produce  water  with  temperature  of  106  degrees. 
The  discharge  of  weak  wells  or  small  pumps  is  often  accumulated  in 
small  earthen  unlined  reservoirs,  from  which  a  multiple  head  is  applied 
to  the  land  at  intervals  more  economically  than  if  the  discharge  of  the 
well  be  used  directly.  The  large  majority  of  wells  and  pumping  plants 
are  owned  by  individuals  or  neighbors  in  partnership,  there  being  only 
a  few  incorporated  companies. 
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E£Fect  of  Salton  Sea  on  Underground  Water. 

The  percolating  water  which  is  confined  beneath  certain  strata  has 
its  movement  directed  towards  the  Salton  basin,  where  before  the  late 
inflow  of  Colorado  River  the  moisture  escaped  by  evaporation  from  the 
bottom  of  the  basin.  During  1905  and  1906,  Salton  Sea  was  so  bounti- 
fully replenished  by  the  Colorado  that  the  water  reached  a  maximum 
elevation  of  197  feet  below  sea  level  and  a  depth  of  76  feet  over  the 
bottom  of  the  old  salt  marsh  in  February,  1907,  when  the  river  was 
turned  back  to  the  Gulf  of  California.  Since  that  time  the  water  in  the 
newly-formed  sea  has  been  lowered  by  evaporation  and  the  level  Jan- 
uary 1,  1916,  was  237  feet  below  sea  level.  The  present  area  of  Salton 
Sea  is  shown  on  the  map  in  cross  hatch,  while  the  high-water  line  of 
1 907  is  shown  by  dotted  line. 

The  effect  of  water  in  the  Salton  Basin  has  probably  been  to  stay 
the  escape  of  the  underground  water  percolating  toward  it  and  to  add 
to  the  artesian  pressure  in  Coachella  Valley,  although  due  to  the  over- 
balance of  other  influences  the  artesian  pressure  has  in  general 
diminished  since  the  late  formation  of  the  sea. 

Maintenance  of  Salton  Sea. 

The  question  of  the  wisdom  of  maintaining  the  present  status  of 
Salton  Sea  has  been  raised,  but  it  can  not  be  considered  with  reference 
to  Coachella  Valley  alone.  The  land  now  submerged  in  Coachella 
Valley  contains  over  3  per  cent  of  alkali  and  is  too  salty  for  agricultural 
purposes.  The  land  in  Imperial  Valley  at  the  southeast  end  of  the 
lake  that  was  covered  by  the  high  water  but  from  which  the  water  has 
now  receded  is  good  soil,  and  most  of  it  is  now  being  farmed.  As  the 
water  recedes  the  land  is  being  applied  for  under  the  Desert  Act. 
During  the  inflow  into  Salton  Basin  in  1905  and  1906  much  silt  was 
deposited  about  the  mouths  of  New  and  Alamo  rivers  and  as  the  lake 
recedes  the  water  line  is  found  to  be  much  different  than  when  the 
water  was  rising.  The  deltas  built  out  have  light  slope  and  a  small 
reduction  in  the  gage  exposes  a  large  area  of  land.  Some  of  the  area 
covered  was  sand  dune  land.  The  water  leveled  the  dunes  and  spread 
a  crust  of  silt  over  the  sand.  The  inflow  is  at  present  controlled  by  the 
Imperial  Irrigation  District  and  the  mutual  water  companies  of 
Imperial  Valley.  Flood  waters  in  Colorado  River  are  prevented  from 
entering  the  sea  through  New  River  by  levees  in  Mexico.  Seepage 
water  from  Imperial  Valley  lands  and  waste  water  from  the  irrigation 
ditches  flows  to  the  sea  through  New  and  Alamo  channels.  Much  of 
the  waste  water,  of  which  most  is  in  the  Alamo,  is  being  appropriated 
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for  irrigation  of  low  lands  near  the  sea  and  the  amount  of  water 
entering  the  sea  is  more  likely  to  diminish  than  to  increase  in  the  future. 

The  loss  by  evaporation  from  the  lake  has  been  enough  greater  than 
the  inflow  to  lower  the  water  surface  at  the  rate  of  about  four  feet  per 
year  since  the  high  level  of  1907  occurred.  In  case  of  accidental  break 
in  the  Colorado  River  levees  and  another  season  of  inflow,  it  would  be 
desirable  for  the  protection  of  farm  lands  in  Imperial  Valley  to  have  a 
large  unoccupied  catchment  basin  in  Salton  Sink  to  receive  the  water. 

The  contract  for  the  recent  transfer  of  the  Imperial  Canal  by  tile 
Southern  Pacific  Company  to  the  Imperial  Irrigation  District  provideSi 
among  other  things,  that  the  district  shall  not  permit  water  to  flow 
into  Salton  Sea  in  excess  of  an  amount  that  would  raise  the  water  iennd 
on  the  railroad  lands  more  than  three  feet  over  the  highest  level  of  tike 
preceding  year.  Since  the  evaporation  is  now  four  feet  per  aUMm 
and  as  the  rate  will  increase  as  the  area  becomes  smaller,  the  water  it 
expected  to  diminish.  While  jurisdiction  over  Salton  Sea  may  BOt 
lie  entirely  within  this  contract,  the  Imperial  Irrigation  District  ia  now 
in  better  position  to  control  Salton  Sea  than  any  but  the  government. 
The  control  should  not  hinge  entirely  on  value  of  lands  subject  to  inun- 
dation. Salton  Sea  has  an  area  of  300  square  miles.  To  maintain  the 
present  level  of  the  lake  would  require  768,000  acre-feet  of  water 
annually,  enough  for  the  irrigation  of  256,000  acres  of  land.  As  there 
is  more  good  land  on  the  Colorado  than  the  river  will  irrigate,  it  is 
apparent  that  the  water  would  have  a  greater  value  for  producing 
crops  than  it  would  have  in  Salton  Sink. 

Lands. 

• 

The  floor  of  San  Gorgonio  Pass,  away  from  the  numerous  stream 
channels  which  cross  it,  is  soil  well  suited  to  agriculture  and  horti- 
culture. The  expansive  cone  or  fan  sloping  southeastward  from  White- 
water Canyon  for  several  miles,  grades  from  boulders  and  coarse  gravels 
to  gravel  and  sand.  The  greater  portion  of  the  desert  from  Palm 
Springs  settlement  to  Point  Happy,  including  the  territory  along  the 
railroad,  is  very  sandy  and  the  land  is  dotted  with  shifting  dunes. 

The  winds  which  account  for  the  presence  of  the  dunes  sweep  down 
from  the  higher  elevations  through  the  eastern  end  of  San  Gorgonio 
Pass  and  on  across  the  desert  to  replace  the  heated  atmosphere  of  Salton 
Basin.  They  are  so  strong  and  frequent  through  the  central  portion 
of  the  desert,  especially  in  the  spring  season,  that  the  region  is  unsuited 
to  agriculture  and  the  land  along  the  railroad  from  Palm  Springs 
station  to  oMyonia  can  hardly  be  reclaimed  even  should  there  be  water 
for  it.  The  town  of  Palm  Sprin<(s  and  lands  below  Mission  Canyon 
are  remarkably  well  sheltered,  while  lands  along  Whitewater  wash, 
below  Deep  Canyon  and  at  Seven  Palms,  are  far  enough  out  of  the  track 
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of  the  violent  winds  to  permit  profitable  cultivation.  Below  Point 
Happy  the  winds  expand  over  the  broader  and  less  confined  area  of 
the  settled  portion  of  the  valley  where  they  lose  much  of  their  force. 
A  ridge  of  mammoth  dunes  parallels  Whitewater  wash  for  several 
miles  at  Indian  Wells  and  the  stream  when  flowing  is  confined  between 
them  and  Point  Happy.  The  sand  dune  area  extends  below  the  point 
on  the  southwest  side  of  the  valley.  The  lower  limits  of  the  sand  dune 
area  are  shown  on  the  accompanying  map  by  dotted  line. 

Prom  Point  Happy  to  Salton  Sea  most  of  the  valley  is  below  sea  level. 
The  ancient  beach  line  is  clearly  traced  on  both  sides  of  the  valley 
and  is  about  40  feet  above  sea  level.  The  old  water  line  is  shown  by 
the  photograph,  PL  V,  Fig.  1,  on  the  coral  reef  at  the  southwest  side  of 
the  valley.  Apparently  the  alluvium  from  the  canyons  and  the  desert 
sands  transported  by  wind  have  intermingled  with  the  delta  silts  to 
form  the  valley  soils.  The  United  States  Bureau  of  Soils  has  surveyed 
the  soils  below  Point  Happy.  The  central  portion  of  the  valley  from 
Indio  to  Mecca  is  in  the  main  classed  as  sandy  and  fine  sandy  loam 
and  the  lower  part  next  to  Salton  Sea  as  clay.  Irregular  strips  along 
the  edges  of  the  valley  are  sand  grading  to  gravel  on  the  slopes  up  to 
the  old  beach  line. 

The  land  now  submerged  by  Salton  Sea  contains  over  3  per  cent  of 
alkali.  The  central  portion  of  the  valley  from  Thermal  to  the  sea  and 
mainly  southwest  of  the  railroad  contains  from  1  to  3  per  cent  of  alkali. 
A  neck  of  this  area  also  extends  up  the  arroyo  from  Thermal  to  Indio 
on  the  northeast  side  of  the  railroad.  The  remainder  of  the  valley  has 
less  than  1  per  cent  of  alkali,  the  sandy  soil  near  the  old  beach  line  and 
the  dune  sand  around  Point  Happy  having  less  than  .20  per  cent.  The 
area  with  over  1  per  cent  of  alkali  is  enclosed  on  the  accompanying 
map  by  a  dashed  line.  The  land  in  its  natural  state  supports  char- 
acteristic growth  of  the  Colorado  Desert,  salt  weed  in  the  lower  areas, 
mesquite  along  the  washes  or  on  the  hummocks  in  soft  soil  and  an 
occasional  palo  verde. 

The  lands  were  classified  as  agricultural  and  nonagricultural  by  the 
United  States  Department  of  Agriculture  in  cooperation  with  the  Con- 
servation Commission  of  California  in  1912.  The  aji:ricultural  land  is 
summarized  as  follows: 


Acrli-iil- 

tU'.d  1  iiiil, 

acii's 


ObtebeiUi  Valley,  below  Point  Happy    _ I.m.om) 

Ooa^Mjla  Valley,  above  Point  Happy 7j  hi 

Palm   Springs   - - _..  T.hn) 

DeMTt  at  Seven  Palme __ _._ {»,«mj 

Deeert  below  Miulon  Canyon _ _ 4.i>o 

UoTongo  Valley  _ _ _ ri,i2o 

Eaatern  slope  ol  San  Gorgonio  Pub8 _ _ _ 2(),(y»t) 

Total    19G,320 
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Land  Ownership. 

Settlement  in  Coachella  Valley  was  subsequent  to  the  building  through 
of  the  Southern  Pacific  railroad  in  1879  and  the  railroad  company 
acquired  by  grant  each  alternate  section  of  land  throughout  the  valley, 
in  aggregate  nearly  half  the  area.  The  public  land  of  value  below 
Point  Happy  has  all  been  filed  on  under  the  homestead  and  desert  land 
acts  and  most  has  been  patented.  The  railroad  lands  were  placed  on 
the  market  a  few  years  ago  and  over  75  per  cent  of  them  below  Point 
Happy  have  been  sold,  while  those  on  the  desert  above  are  mainly  unsold. 

At  present  settlement  is  extending  to  the  government  lands  along 
the  wash  above  Point  Happy,  where  there  are  numerous  pending  land 
entries.  Wells  are  also  being  bored  at  Seven  Palms,  where  the  topog- 
raphy is  favorable  to  light  pumping  lifts,  and  in  Morongo  Valley.  Pro- 
moters have  in  late  years  colonized  lands  at  Cabazon  in  San  Qorgonio 
Pass,  while  a  project  at  the  mouth  of  Palm  Canyon  failed  to  materialize. 
The  Banning  Water  Company  was  organized  in  1884. 

The  agricultural  development  in  lower  Coachella  Valley,  which  began 
actively  about  1900  along  the  railroad,  has  been  steady,  and  recent 
development  has  extended  to  the  slopes  on  the  southwest  side  of  the 
valley,  where  much  of  the  good  soil  is  located.  The  photograph 
(PI.  V,  Fig.  1)  is  of  the  Travis  pumping  plant  at  the  coral  reef.  A 
description  of  this  plant  illustrates  the  character  of  the  larger  develop- 
ments in  this  region.  The  well  is  12  inches  in  diameter,  745  feet  deep 
and  water  stands  at  31  feet  from  the  ground  surface.  The  pump  is  an 
eight-inch  centrifugal  and  the  power  a  60-horsepower  gasoline  engine. 
The  discharge  of  the  pump  is  given  at  over  five  second-feet.  The  plant 
is  for  the  irrigation  of  320  acres. 

The  Cabazon,  Augustin  and  the  greater  portion  of  the  Torros  Indian 
reservations  are  in  lower  Coachella  Valley  and  the  Agua  Caliente  is  at 
Palm  Springs.  ^Morongo,  Mission  Creek  and  Santa  Rosa  reservations 
are  wholly  or  partially  within  the  drainage  basin.  Some  of  the  Indian 
lands  are  now  inundated  by  Salton  Sea. 

The  unimproved  lands  of  the  railroad  company  are  selling  at  $35  to 
$110  per  acre.  Improved  land  in  the  valley  is  held  at  $50  to  $150 
per  acre  and  some  planted  to  date  or  citrus  orchard  is  held  $300  to  $600 
per  acre  or  higher,  in  the  case  of  producing  date  palms  on  the  proper 
kind  of  soil. 

Crops. 

The  principal  crops  in  Coachella  Valley  are  alfalfa,  wheat,  barley, 
cotton,  beans,  onions,  cantaloupes,  grapes,  citrus  fruits  and  dates.  The 
places  where  the  date  industry  gives  promise  are  limited  to  a  few  locali- 
ties with  peculiar  conditions  in  the  extreme  southwest,  and  none  fill  the 
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requirements  better.  The  date  palm  withstands  alkali  to  a  high  degree 
and  some  orchards  are  growing  on  the  moist  salty  lowlands  but  these 
do  not  produce  as  good  quality  of  dates  as  the  soft  sandy  soils  which 
take  more  warmth.  The  warm  soil,  together  with  the  long  hot  season 
of  low  humidity,  give  high  percentage  of  sugar  to  the  fruit  and  mature 
such  delicate  but  preferred  varieties  as  the  Deglet  Noor.  The  Bureau 
of  Plant  Industry  of  the  United  States  Department  of  Agriculture  con- 
ducts an  experimental  date  farm  near  Indio.  The  date  industry  is 
important  as  a  highly  specialized  crop  with  good  prospects  for  profit- 
able extension  rather  than  for  large  area  now  devoted  to  culture, 
although  it  is  estimated  that  about  800  acres  have  been  planted  to 
palms. 

Climate. 

The  pronounced  features  of  climate  of  Coachella  Valley  are  extreme 
heat  in  summer,  great  length  of  hot  season,  dry  atmosphere,  strong 
winds  during  late  winter  or  spring,  wide  range  of  temperature  between 
noon  and  midnight,  mild  winters,  low  and  erratic  precipitation,  all 
desert  characteristics.  The  following  are  the  mean  maximum  and  mean 
minimum  monthly  temperatures  in  degrees  Fahrenheit  at  Indio  for  a 
period  of  14  years  prior  to  1909 : 


Moath 


Mean 

monthly 

maximum 


Mean 

monthly 

minimum 


January  _ 
February 
March 


April 

May   

June 

July  

August  

September 
October  __. 
November  . 
December  . 

Annual 


67.0 

39.7 

72.9 

43.9 

79.2 

51.0 

87.6 

58.2 

92.5 

63.7 

101.4 

71.0 

107.1 

78.8 

105.3 

77.0 

100.8 

70.0 

90.3 

57.8 

79.5 

47.2 

69.6 

38.4 

87.8 
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The  highest  temperature  recorded  in  the  full  34-year  period  for  which 
measurements  were  made  was  125  degrees  in  July,  and  the  lowest  16 
degrees  in  January. 

Area  Irrigated. 

A  canvass  of  the  irrigated  land  was  made  by  the  United  States 
Department  of  Agriculture  in  cooperation  with  the  Census  Bureau  in 
1909,  and  the  irrigated  tracts  as  then  determined  are  shown  by  hatching 
on  the  accompanying  map.  Some  of  the  irrigated  land  in  the  valley  was 
overlooked  in  that  canvass,  and  additions  have  been  made  since  1909  so 
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that  the  map  shows  only  a  part  of  tlie  lauds  irrigated  at  present.  The 
area  irrigated  below  Point  Happy  as  shown  by  the  map  is  3,800  acres, 
whereas  it  is  estimated  that  6,000  acres  are  being  irrigated  in  1916. 
The  area  irrigated  in  the  entire  drainage  basin  of  Coachella  Valley 
is  summarized  as  follows : 


Iriigated  area  Ac 


Coachella  Valley  below  Point  Happy.. 6,000 

Coachella  Valley  above  Point  Happy _ - 160 

Palm  Springs — 300 

Seven  Palms - 80 

Mission  Creek  Indian  Reservation 160 

Morongo  Valley 160 

Whitewater 160 

Cabazon _ 320 

Morongo  Indian  Reservation... _ 1,300 

Banning  2.700 


Total   11.340 


Duty  of  Water. 

But  few  data  on  use  of  water  in  Coachella  Valley  are  available,  but 
the  duty  is  probably  a  little  higher  than  in  Imperial  Valley,  where  soil, 
climate  and  crops  are  much  the  same,  and  where  about  three  acre-feet 
per  acre  is  used  per  annum  for  the  entire  area.  Making  allowance  for 
a  somewhat  more  economical  use  at  Coachella  on  account  of  most  of  the 
water  being  pumped,  than  in  Imperial,  where  it  is  from  canals,  the  duty 
is  estimated  at  two  and  one-half  acre-feet  per  acre.  The  duty  of  water 
at  Banning,  where  orchards  are  irrigated,  is  found  on  the  basis  of  the 
use  of  11  second-feet  for  seven  months  on  2,700  acres  to  be  1.7  acre-feet 
per  acre.  Assuming  a  duty  of  two  and  a  half  acre-feet  per  acre  for 
the  total  area  of  11,340  acres  irrigated  in  the  drainage  basin,  28,350 
acre-feet  are  used  annually  from  Whitewater  River  and  tributaries. 

The  ratio  of  area  irrigated  to  the  area  of  watershed  is  very  low. 
Considering  only  the  San  Bernardino  and  San  Jacinto  mountain  por- 
tions of  the  drainage,  11,3-40  acres  are  irrigated  from  523  square  mile^ 
of  watershed.  On  San  Antonio  Creek  20,000  acres  at  Pomona,  Clare- 
mont.  Upland  and  Ontario  are  irrigated  from  a  watershed  in  San 
Gabriel  Mountains  of  36  square  miles.  The  two  watersheds  compare 
favorably  as  to  elevation,  but  differ  as  to  rainfall.  On  San  Antonio 
Creek  all  surface  discharge  is  used  in  the  irrigating  season,  the  distribu- 
tion being  entirely  by  underground  pipe.  The  underground  water  is 
pumped  from  over  100  wells  and  winter  flood  waters  are  spread  over 
the  gravels  to  replenish  the  underground  basins  so  that  practically  no 
water  escapes. 
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Conditions  are  unfayorable  for  such  an  efficient  nse  of  water  from 
Whitewater  River.  The  stream  discharge  varies  much  throughout  the 
year,  storage  sites  are  not  available,  the  valley  lands  are  distant  from 
the  canyon,  piping  the  water  across  the  desert  would  be  expensive,  the 
evaporation  is  high,  and  it  is  impossible  to  recover  from  weUs  all  the 
water  that  sinks. 

Water  Rights. 

9 

Water  rights  are  based  on  appropriation  and  use  while  some  of  the 
irrigated  land  in  San  Gorgonio  Pass  and  at  Palm  Springs  is  riparian. 
Most  of  the  appropriations  have  ripened  into  prescriptive  rights.  So 
far  as  is  known  the  courts  have  not  been  called  upon  to  decide  any  water 
right  questions  on  Whitewater  River  or  as  between  well  owners  in 
Coachella  Valley.  The  valley  irrigators  opposed  the  diversion  from 
the  Whitewater  to  Banning  by  the  Consolidated  Reservoir  and  Power 
Company  a  few  years  ago  by  objecting  to  the  company  being  given 
rights  of  way  through  the  national  forests,  but  the  permits  were  granted 
and  the  question  of  water  rights  did  not  reach  the  courts.  In  this  case 
the  water  is  not  carried  outside  of  the  general  draini^e  basin,  but  its 
use  at  Banning  must,  to  a  slight  extent,  lessen  the  amount  reaching 
Coachella  VaUey.  It  is  understood  that  the  proposed  Pluth  power 
projects  for  Whitewater  Canyon  contemplate  the  return  to  the  stream 
of  any  water  used. 

Waste  of  Water  From  Flowing  Wells. 

Wells  in  the  artesian  area  near  Salton  Sea  are  in  some  cases  allowed 
to  flow  when  the  water  is  not  being  used.  This  practice  should  be  con- 
denmed.  The  law  of  California  requires  that  flowing  wells  be  capped 
when  not  in  use.  The  convenience  of  the  individual  must  be  subjected 
to  the  rights  of  the  public  and  the  conservation  of  the  valley's  water 
supply.  To  equip  wells  with  valves  and  to  close  them  when  the  water  is 
not  being  used  is  not  a  burden  on  well  owners,  except  in  some  cases 
where  damage  to  the  wells  would  result.  The  well  and  the  land  may 
be  private  property,  but  the  water  is  the  property  of  the  state. 

Storm  Water  Problems. 

Whitewater  River,  after  leaving  its  canyon,  is  joined  by  San  Gorgonio 
River.  The  stream,  after  crossing  the  steep  slope  of  its  debris  cone,  is 
joined  by  Tahquiz  Creek.  It  is  only  in  times  of  flood  that  any  water 
flows  on  the  surface  below  this  junction,  but  at  such  times  the  confluent 
waters  seek  the  lowest  side  of  the  valley,  which  is  above  Point  Happy, 
on  the  southwest  side.  But  near  the  point  the  slope  changes,  and  beh)w 
the  point  the  transverse  slope,  or  that  at  right  angles  to  the  main  8lo])0 
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of  the  valley,  is  toward  the  northeast  side.  The  floor  of  the  valley  and 
desert  may  be  likened  unto  a  warped  surface,  in  which  the  twist  occutb 
at  Point  Happy.  The  main  water  channel  then  crosses  to  the  other  side 
of  the  valley  where  this  change  in  slope  occurs,  and  in  crossing  over 
it  is  aided  by  the  deflecting  force  of  the  point.  The  channel  is  not  so 
well  defined  through  the  lower  vaUey,  and  there  appears  to  be  two 
channels  along  which  flood  water  passes  to  Salton  Sea.  One  of  these 
follows  along  the  center  of  the  valley,  while  the  other,  which  is  the  more 
pronounced,  follows  along  the  lowest  level,  and  after  crossing  the  rail- 
road above  Indio  leads  along  the  northeast  side  of  the  track  past 
Coachella,  but  recrosses  the  track  at  Thermal,  and  finally  terminates  in 
Salton  basin. 

The  first  organized  effort  to  control  floods  was  by  the  Indio  Levee 
District,  which  embraced  only  T.  5  S.,  R.  7  B.  This  district  planned  to 
conduct  all  the  flood  water  north  of  and  around  Indio  to  the  lower 
channel  northeast  of  the  railroad  and  for  this  purpose  began  the  con- 
struction of  a  ditch  and  levee  about  four  miles  in  length.  The  location 
of  the  levee  is  shown  on  the  map.  The  first  mile  at  the  upper  end  of 
the  ditch  and  levee  had  been  constructed  when  the  flood  of  this  year 

came. 

Flood  of  1916. 

The  flood  of  January  17,  1916,  which  is  believed  to  represent  the 
maximum  rate  of  discharge  for  Whitewater  River,  came  very  suddenly. 
It  is  noted  from  the  tables  of  precipitation  given  herewith  that  the 
rainfall  for  the  two  days,  January  16th  and  17th,  was,  at  Seven  Oaks 
11.70,  Beaumont  4.28,  and  Cabazon  4.40  inches,  also  that  the  total 
rainfall  for  the  15  days  preceding  these  dates  was,  at  Seven  Oaks  5.62, 
Beaumont  3.53,  and  Cabazon  0.20  inches.  Bains  also  occurred  in  the 
preceding  December.  The  mountain  slopes  were  probably  already 
fairly  well  saturated  at  the  time  of  the  high  precipitation  at  the  middle 
of  January  and  the  two  days  storm  produced  a  rapid  run-off  from  the 
steep  and  rather  thinly-timbered  watersheds.  The  travel  of  the  storm, 
west  to  east,  being  the  same  as  the  direction  of  the  stream  flow,  tends 
to  large  accumulation  of  water  and  sudden  discharge. 

Whitewater  and  San  Gorgonio  rivers,  Millard,  Snow  and  Tahquiz 
creeks  and  Deep  Canyon  gave  high  discharge.  The  high  water  reached 
to  Palm  Springs  in  the  forenoon  of  January  17th,  and  receded  towards 
evening.  The  flood  eroded  a  large  channel,  shown  by  PL  VI,  Pig.  1, 
across  the  valley  along  the  Indio  levee  and  overflowed,  doing  much 
damage  to  towns,  farms  and  roads.  The  county  highway  was  also 
damaged  at  many  points  all  the  way  from  Banning  to  Indio.  It  will 
be  noted  from  the  map  that  this  road  follows  near  the  stream  channel 
almost  throughout  this  distance.  Damage  also  occurred  to  farm  prop- 
erty in  the  upper  valley  and  at  Palm  Springs  and  the  Rogers  Ditch  was 
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filled  with  sand  for  several  miles.  The  Southern  Pacific  Company 
suffered  damage  to  track  at  the  numerous  stream  crossings  between 
Banning  and  Palm  Springs  Station  and  again  from  Indio  to  Thermal. 

Coachella  Valley  Storm  Water  District. 

The  plans  of  the  Indio  Levee  District,  had  they  been  carried  out, 
might  have  safeguarded  property  at  Indio,  but  they  made  no  provision 
for  protection  of  lower  lands  and  the  Coachella  Storm  Water  District 
was  organized  for  the  lower  portion  of  the  valley.  It  then  became 
apparent  that  the  problem  must  be  solved  with  respect  to  the  best 
interests  of  the  entire  valley  and  the  Coachella  Valley  Storm  Water 
District  was  organized  under  the  law  of  California,  absorbing  the  two 
smaller  districts  and  embracing  all  valley  land  from  Whitewater  to 
Salton  Sea.  The  boundary  of  the  district  is  shown  on  the  accom- 
panying map  in  heavy  solid  line.  The  district  has  an  area  of  169,600 
acres,  of  which  about  80,000  acres  are  non-agricultural.  It  includes 
about  28,000  acres  of  Indian  lands  on  the  Agua  Caliente,  Cabazon, 
Augustin  and  Torros  reservations  and  about  30,000  acres  of  unsold 
railroad  land,  of  which  about  18,000  acres  are  on  the  desert  above  Point 
Happy. 

In  a  review  of  methods  of  disposing  of  fiood  water,  the  following 
may  be  considered:  Storage  in  reservoirs;  check  dams  to  retard  the 
flow;  spreading  surplus  waters  over  gravel  beds;  channel  to  carry  flood 
water,  and  levees  to  protect  the  lands  from  overflow.  The  problem, 
however,  should  not  be  confined  merely  to  the  disposal  of  flood  water, 
but  should  also  take  into  account  the  conservation  of  the  water  supply 
and  irrigation  resources. 

Storage  in  Reservoirs. 

No  systematic  search  for  reservoir  sites  in  the  watersheds  of 
Coachella  Valley  drainage  has  been  made,  but  examination  of  the 
topographic  map  fails  to  disclose  any  promising  locations  for  dams. 
The  engineers  for  power  companies  report  that  no  storage  sites  were 
found  in  the  Whitewater  watershed.  Aside  from  the  question  of  sites 
it  would  be  very  expensive  to  conduct  stored  water  from  mountain 
reservoirs  across  the  desert  to  the  agricultural  lands. 

Check  Dams. 

Check  dams  are  used  in  Switzerland,  Austria,  France  and  Japan  to 
control  floods  and  to  prevent  erosion  on  mountain  streams  with  steep 
grade,  and  Los  Angeles  County  is  now  experimenting  with  them  in 
Haines  Canyon  as  a  means  of  flood  control.  Private  parties  have  also 
constructed  small  check  dams  in  Ward  Canyon,  a  small  stream  near 
Lob  Angeles,  for  the  protection  of  an  estate.    The  dams,  after  being  in 
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use  two  years,  show  that  they  have  been  very  effective  in  causing  the 
water  to  be  absorbed  in  the  canyons,  in  prolonging  the  period  of  dis- 
charge, and  in  destroying  the  force  of  the  flood  water  within  the 
mountain  watersheds,  and  the  experiments  justify  trials  of  check  dams 
on  larger  streams  with  similar  conditions.  Haines  Canyon,  according 
to  the  report  of  the  Board  of  Engineers  on  Flood  Control  of  Lios 
Angeles  County,  has  a  catchment  area  of  six  and  one-half  square  miles 
and  the  discharge  in  February,  1914,  was  712  second-feet  per  square 
mile  of  drainage,  being  the  highest  rate  of  run-off  per  unit  of  area 
of  any  stream  in  the  county.  This  exceptional  rate  is  accounted  for  by 
all  brush  in  the  watershed  being  burned  September,  1913.  Check  dams 
to  the  number  of  384  have  already  been  constructed  at  a  Qost  of  $6,000, 
or  $15.62  each.  The  cost  of  the  dams  varied  from  $5  to  $500.  An 
examination  of  the  check  dams  was  made  in  March,  1916,  after  the 
heavy  floods  of  the  winter.  PI.  VII,  Fig.  2  and  PI.  VIII,  Fig.  2  show 
two  types  of  dams  constructed  in  Haines  Canyon. 

A  noticeable  effect  of  the  dams  has  been  to  stimulate  the  growth  of 
brush,  which  is  proof  that  the  soils  along  the  channels  have  absorbed 
more  moisture  than  before  the  construction  of  the  dams.  While  it  may 
be  reasoned  that  the  method  which  has  been  successful  in  these  small 
canyons  can  be  applied  on  larger  streams  by  building  more  and  larger 
dams,  it  is  not  considered  a  practical  and  economical  solution  of  the 
Whitewater  flood  problem.  The  steep,  rocky  and  barren  slopes  of  the 
higher  mountains  would  not  absorb  much  water  if  it  were  checked  and 
the  cost  of  building  a  sufiScient  number  of  such  dams  over  the  large 
watershed  could  not  be  borne  by  Coachella  Valley. 

Conservation  of  Flood  Water* 

Excellent  opportunity  is  given  to  spread  storm  water  below  White- 
water Canyon  for  the  betterment  of  Coachella  Valley's  underground 
water  supply.  Such  work,  besides  being:  a  conservation  measure, 
should  prevent  the  smaller  floods  reaching  below  Point  Happy  and 
should  materially  lessen  the  larger  floods  to  be  taken  care  of  in  the 
lower  valley.  In  proceediug  to  consider  this  method  of  disx>osal,  it 
is  well  to  determine  the  size  of  the  floods  and  to  review  what  has  been 
accomplished  on  other  streams  in  southern  California.  The  best  place 
to  gage  the  size  of  the  stream  is  at  Point  Happy,  for  it  will  be  noted 
from  the  map  that  all  water  is  here  collected  into  a  single  channel  and 
that  it  is  again  diffused  below  the  point.  The  channel  near  this  point 
is  also  more  conflned  than  on  any  other  part  of  the  stream!  The.  water 
line  of  the  flood  of  January  17,  1916,  is  still  apparent  on  the  bank  and 
until  a  survey  of  the  channel  can  be  made  an  estimate  from  observation 
is  offered  as  follows :  Width,  150  feet ;  greatest  depth  15  feet ;  grade,  as 
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shown  by  topographic  map,  19  feet  per  mile;  character  of  channel,  silt 5 
discharge  from  Kutter's  formula,  approximately  9,000  second-feet.    As 
it  is  possible  that  the  channel  erodes  at  high  flood  and  silts  up  on  a 
declining   stage,    it    is   estimated    that  the    maximum   discharge    is 
10,000  second-feet. 

The  flow  from  Whitewater  Canyon  was  probably  greater.  The  river 
is  augmented  between  the  crossing  of  the  railroad  and  Point  Happy  by 
San  Gorgonio  River,  Snow  Creek,  Tahquiz  Creek,  Palm  Canyon  and 
Deep  Canyon,  but  on  the  other  hand  there  is  loss  by  absorption  in  that 
distance.  The  point  of  largest  .flow  is  probably  just  below  either  the 
junctions  of  San  Qorgonio  River  or  Tahquiz  Creek. 

Probably  the  earliest  attempt  to  store  water  in  the  soil  by  artificial 
methods  for  the  betterment  of  an  irrigation  or  water  system  was  work 
done  in  Colorado  by  the  Denver  Union  Water  Company  over  20  years 
ago,  to  increase  the  flow  of  a  tunnel  in  Cherry  Creek.  In  Utah,  water 
has  been  run  onto  hillside  lands,  to  saturate  them  in  winter,  so  that  the 
seepage  might  moisten  lower  valley  lands  to  the  benefit  of  crops  grow- 
ing there  in  summer.  In  southern  California  the  practice  of  spreading 
water  to  increase  the  output  of  wells  was  begun  on  a  small  scale  on 
Santiago  Creek  in  Orange  County  in  1896  and  on  larger  scale  on  Santa 
Ana  River  and  San  Antonio  Creek  about  16  years  ago.  Similar  opera- 
tions have  been  conducted  on  Lytic  Creek,  San  Jacinto  River,  San  Dimas 
Creek,  San  Qabriel  River  and  San  Gorgonio  River. 

Spreading  Water  on  Santa  Ana  River. 

On  Santa  Ana  River,  water  is  spread  over  the  gravel  cone  below  the 
canyon  between  Redlands  and  Highlands  where  the  slope  is  from  200  to 
50  feet  per  mile,  and  in  nine  reservoirs  three  to  four  feet  deep  and 
covering  about  two  acres  each.  The  water  is  diverted  from  the  stream 
by  three  permanent  main  ditches  on  grades  approaching  the  contours 
from  which  it  is  divided  and  subdivided  and  finally  allowed  to  flow 
from  the  smallest  ditches  over  the  gravelly  soil  where  it  is  absorbed. 
The  headworks  are  concrete  structures  and  they  are  sometimes  washed 
out  by  the  high  water  and  they  require  frequent  repairs  while  the 
ditches  must  receive  constant  attention  while  the  work  is  in  progress. 
The  work  was  first  done  by  the  Riverside  Water  Company  and  the  Gage 
Canal  Company  of  Riverside,  but  is  now  conducted  by  the  Water  Con- 
servation Association  incorporated  with  membership  from  three  counties 
representing  all  of  the  irrigation  interests  on  the  Santa  Ana. 

It  has  not  been  possible  to  spread  the  maximum  floods  and  has  not  been 
considered  desirable  to  divert  water  until  after  the  highest  water  with 
its  detritus  has  passed  as  it  is  believed  use  at  the  high  stage  would 
silt  up  ditches  and  leave  the  spreading  ground  less  pervious.     The 
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spreading  begins  two  or  three  days  after  the  peaks  of  the  floods.  The 
association  filed  claim  to  500  second-feet  of  flood  water  and  the  govern- 
ment has  withdrawn  from  entry  some  of  the  land  in  Santa  Ana  wash 
for  the  use  of  the  association,  on  account  of  the  more  general  useftdness 
of  the  land  for  spreading  than  for  agricultural  purposes.  The  associa- 
tion owns  other  lands,  giving  a  total  of  2,640  acres  for  use. 

Charles  H.  Lee,  who  has  made  a  study  of  the  value  of  the  work  on 
the  Santa  Ana,  states,  in  the  report  of  the  California  Conservation 
Commission  for  1912,  that  the  association  spread  in  one  year  an  average 
of  75  second-feet  for  100  days  or  about  15,000  acre-feet  of  water  at  an 
operating  cost  of  ten  cents  per  acre-foot  and  a  total  cost,  including  inter- 
est, of  14  cents  per  acre-foot.  The  cost  to  the  association  for  three  years 
was:  Works,  $4,371.66;  real  estate,  $2,853;  tools,  $163.83;  operating 
expenses,  $3,619.45,  or  about  $1,200  per  year. 

The  capacity  of  the  system  is  250  second-feet.  The  work  requires 
four  men.  Mr.  Lee,  after  an  investigation  of  the  wells  of  the  San 
Bernardino  basin,  cpncluded  that  water  spreading  on  an  extensive  scale 
had  not  been  conducted  long  enough  to  have  great  effect  on  the  under- 
ground water  plane  and  that  the  rise  of  the  ground  water  was  due 
primarily  to  seasons  of  heavy  rainfall  but  that  the  water  spreading  was 
a  commercially  practical  work  of  great  public  benefit. 

Francis  Cuttle,  president  of  the  association,  states  that  the  amount  of 
water  spread  for  four  years  was  as  follows:  1912,  11,710  acre-feet; 
1913,  1,541  acre-feet ;  1914,  17,956  acre-feet,  and  1915,  13,317  acre-feet. 
The  rate  of  absorption  was  3.22  second-feet  per  acre  for  the  land  and 
20  second-feet  for  the  nine  reservoirs  with  aggregate  area  of  18  acres. 

PI.  II,  Fig.  2  shows  Santa  Ana  River,  at  the  mouth  of  the  canyon  and 
the  head  of  the  gravel  cone.  PI.  IX,  Fig.  1  shows  the  accumulation  of 
drift  after  the  flood  of  1916  had  subsided. 

Spreading  Water  on  San  Antonio  Creek. 

San  Antonio  Creek  is  a  smaller  stream  and  water  spreading  has  not 
been  on  so  large  a  scale  as  on  Santa  Ana  River,  but  the  methods  have 
been  similar.  The  mouth  of  San  Antonio  Canyon  is  shown  by  PI.  X, 
Fig  2.  Proof  as  to  the  value  of  spreading  water  is  perhaps  more  con- 
clusive on  San  Antonio  Creek  than  on  the  Santa  Ana.  The  water  is 
spread  over  the  boulders,  gravel  and  soil  below  the  canyon  with  slope  of 
200  to  100  feet  per  mile.  An  association  has  been  organized  among  the 
water  companies  and  individual  well  owners,  of  which  there  are  many  in 
Pomona  Valle}'-,  to  conduct  the  work,  and  the  cost  is  borne  by  the  mem- 
bers in  the  proportion  that  water  is  used  by  them.  At  first  the  head- 
works  were  of  a  temporary  kind  and  much  work  had  to  be  done  when  the 
floods  came  to  divert  the  water.     Three  main  ditches  are  used.     Later 


Plate  IX,   Fit.   1    (upper).— Drift  left  below  Suila  Aoa  Canyon  br  flood  of  Januarr.   IBIS- 
~       ■'  -    ifffyft]f,„  Aaaociaiion  are  made  ju»t  below  thia  polnL     Pi(.  2 

ite  on  ditch  for  apreading  water  on  San  Antonio  Cioek.     Tba 
□f  the  apreading  iround. 
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concrete  headgates  were  placed  on  these  and  a  concrete  dam  was  placed 
across  the  stream  channel  at  the  upper  gate.  This  dam  is  shown  by 
PL  XI,  Pig.  2  after  being  damaged  by  the  floods  of  1916.  PI.  XII,  Fig.  1 
shows  the  headgate  at  the  same  point.  PI.  IX,  Fig.  2  shows  a  division 
and  control  gate  on  one  of  the  ditches  and  the  general  character  of  the 
spreading  ground.  A  stream  of  about  30  second-feet  is  diverted  at  the 
upper  headgate  and  less  at  the  lower  gates.  Streams  of  20  or  30  miner's 
inches  are  taken  from  the  main  ditches  and  the  water  is  induced  to  cover 
as  much  ground  surface  as  possible.  The  grades  and  alignments  of  the 
ditches  conform  to  the  topography  of  the  land  and  the  more  checks  to 
form  pools  the  better  for  absorption.  The  association  owns  most  of 
the  land  on  which  it  operates.  PI.  X,  Fig.  1  shows  the  water  flowing 
over  the  land  on  San  Antonio  Creek.  WiUis  S,  Jones,  engineer  for  the 
association,  states  that  the  soil  takes  up  100  miner's  inches  or  two  second- 
feet  per  acre  continuously  during  the  several  weeks  of  the  flood  season. 
A  test  made  by  Mr.  Jones  and  the  writer  shows  that  the  rate  of  absorp- 
tion sometimes  reaches  double  that  figure.  Two  men  are  employed 
throughout  the  season  and  an  additional  force  on  occasions.  The  cost 
of  operation  has  been  30  cents  per  acre-foot.  The  effect  of  spreading 
water  has  been  very  marked  on  a  tunnel  and  wells  a  few  miles  below 
the  spreading  ground.  The  flow  of  these  increases  in  the  late  summer. 
The  effect  of  the  work  reaches  wells  lower  in  the  valley  the  second  year. 
Except  in  years  of  unusual  run-off  no  water  is  allowed  to  flow  beyond 
the  limits  of  Pomona  Valley. 

Spreading  Water  on  Santiago  Creek. 

The  work  on  Santiago  Creek  is  conducted  jointly  by  the  Serrano  and 
Carpenter  mutual  water  companies  of  Orange  County.  These  com- 
panies, one  on  either  side  of  the  stream,  secure  water  from  a  submerged 
dam  in  the  canyon  and  to  better  their  irrigation  systems  the  water  must 
be  spread  above  the  dam.  Suitable  lands  for  this  purpose  are  found 
in  expanses  of  the  canyon.  Systematic  spreading  of  water  was  begun 
in  1910  and  is  now  being  done  on  three  tracts  of  land,  a  total  of  400 
acres.  A  maximum  of  about  100  second-feet  of  water  has  been  used 
and  the  season  of  work  covers  three  to  five  months  in  the  winter  and 
spring.  The  area  of  spreading  is  being  gradually  extended  and  from 
$1,500  to  $2,000  is  being  spent  annually  on  ditches,  levees  and  gates. 
The  cost  of  operation  is  the  wages  of  one  man  at  $2.50  per  day  for  the 
season,  and  wages  of  two  additional  men  for  one  month.  The  method 
of  working  on  Santiago  Creek  has  differed  from  that  on  Santa  Ana 
Biver  and  San  Antonio  Creek.  The  water  is  carried  in  ditches  to  the 
spreading  ground  which  is  prepared  by  building  levees  three  feet  high 
on  contours  200  to  300  feet  apart,  depending  on  the  slope.  The  ends  of 
the  levees  are  turned  up  the  slope  slightly  to  partially  basin  the  water. 
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The  supply  stream  is  led  above  the  upper  levee  and  the  water  flows 
around  the  ends  of  the  levees  to  lower  compartments,  its  course  being 
directed  somewhat  by  short  levees  at  the  ends  of  the  contour  levees. 

Spreading  Water  on  Lytle  Creek. 

Flood  water  is  used  on  Lytle  Creek  by  the  Fontana  Water  Company, 
of  Bialto,  and  the  water  must  be  stored  in  the  canyon  to  benefit  the 
company's  irrigation  ditch,  which  diverts  from  the  mouth  of  the  canyon. 
The  space  for  spreading  in  the  canyon  is  so  limited  that  the  usual 
method  can  not  be  followed.  The  method  here  has  been  to  run  water 
into  wells  or  shafts  excavated  to  depths  of  about  50  feet.  The  s^orface 
exposed  to  water  in  a  number  of  these  sumps  is  sufficient  to  make  the 
work  effective. 

Need  of  Spreading  Floods  on  Whitewater  River. 

It  will  not  be  possible  to  ingulf  all  of  the  larger  floods  on  the  debris 
fans  of  Whitewater  and  San  Gorgonio  rivers  and  Tahquiz  Creek.  The 
work  need  not  be  limited  by  the  area  as  on  some  other  streams,  for  there 
is  available  9,000  acres  between  Whitewater  River  and  Mission  wash, 
the  1,200-foot  contour  and  the  Southern  Pacific  railroad,  and  half  the 
area  or  5,000  acres  between  the  railroad  and  the  Rogers  Ditch,  also  half 
the  area  or  1,000  acres  below  Tahquiz  Canyon.  At  the  rate  of  abaorp- 
tion  for  San  Antonio  Creek  two  second-feet  per  acre  continuously,  these 
areas  should  take  up  30,000  second-feet,  provided  so  much  water  could 
be  handled.  Only  half  of  the  gravel  areas  below  the  railroad  are  con- 
sidered, because  in  flood  stage  the  stream  naturally  spreads  over  much 
of  this  land. 

.  The  work  on  the  Whitewater  would  of  necessity  differ  in  some  respects 
from  that  on  streams  in  the  coast  drainage.  Nothing  is  to  be  gained 
from  either  the  standpoint  of  conservation  or  flood  control  by  spreading 
water  except  when  the  stream  would,  if  uncontrolled,  flow  below  Point 
Happy.  This  occurs  so  few  days  in  each  year  that  the  period  of 
diversion  would  be  very  short  as  compared  to  other  streams  in  California. 
For  the  work  to  be  effective  during  the  short  high  flood  periods,  a  much 
larger  quantity  of  water  must  be  diverted  than  has  been  handled  on  the 
other  streams.  The  distributing  system  of  ditches  must  then  be  more 
extensive  and  costly  than  those  near  the  coast  and  a  larger  force  of  men 
must  be  employed  to  control  the  works  during  these  short  periods  of 
operation.  The  infrequent  floods  in  this  arid  region  of  erratic  precipi- 
tation rise  so  suddenly  that  a  force  of  men  to  attend  the  works  would 
have  to  be  assembled  for  the  flood  season  each  year  and  a  camp  main- 
tained at  a  convenient  point.  The  length  of  channel  above  the  railroad 
from  which  diversions  can  be  made  is  more  limited  than  the  area  for 
spreading  above  the  track. 


PUm  XI,  Pis.  1   (upp«r).— CoutructioB  of  rock  ](t«  liced  with  bouldari  mcloHd  br  wlr* 
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This  case  seems  to  require  one  of  two  plans,  either  massiye  permanent 
headworks  for  taking  water  out  at  one  or  two  points,  or  numerous  some- 
what temporary  dams  and  headgates,  which  would  require  frequent 
repairs.  Unless  concrete  structures  can  be  made  heavy  enough  to  stand 
the  high  water,  the  dams  may  as  well  be  constructed  of  boulders,  wire 
and  sand  bags,  to  be  repaired,  sustained  or  strengthened  while  the  flood 
is  in  progress.  The  weakest  point  in  such  a  system  should  be  at  the 
head-works  rather  than  in  main  ditches,  for  if  the  latter  break,  the  water 
would  probably  damage  the  railroad  at  points  where  bridges  are  not 
provided  to  pass  it  under  the  track.  Breaks  in  lateral  ditches  can  be 
controlled.  As  it  would  not  serve  the  purpose  of  the  work  to  wait  until 
the  peaks  of  the  floods  have  passed,  the  silt-laden  waters  would  have 
to  be  used  at  risk  of  detriment  to  the  porosity  of  the  land.  The  particles 
of  silt,  when  dry,  would  be  swept  by  the  winds  down  to  the  dune  lands 
and  the  spreading  ground  left  clean  for  the  next  season.  The  action 
of  the  wind  on  this  part  of  the  desert  is  understood  when  it  is  known 
that  sand  carried  by  it  wears  the  telephone  poles  in  twain  unless  they 
are  protected  by  stubs  driven  on  the  west  side. 

If  2,000  second-feet,  or  about  ten  times  the  maximum  rate  of  use  on 
Santa  Ana  River  be  spread  for  15  days  each  year,  the  total  volume  is 
60,000  acre-feet,  a  very  large  addition  to  the  underground  water  and 
sufficient  for  the  irrigation  of  24,000  acres  of  land,  provided  all  of  it 
could  be  recovered.  The  cost  per  annum  would  be  $8,400  at  15  cents 
per  acre-foot,  the  rate  on  the  Santa  Ana,  including  interest ;  or  $18,000 
at  30  cents  per  acre-foot,  the  rate  on  San  Antonio  Creek  without  interest. 
Unless  2,000  second-feet  can  be  used,  the  work  will  not  have  much  effect 
on  the  larger  floods. 

The  mouth  of  Whitewater  Canyon  is  shown  by  PI.  II,  Fig.  1  as  it 
appeared  April  3,  1916.  The  detritus  of  boulders  will  be  noted.  The 
suggested  locations  for  ditches  for  spreading  water  are  indicated  by 
heavy  dotted  lines  on  the  accompanying  map,  PI.  I.  These  correspond 
to  the  map  contours,  but  are  not  located  from  special  surveys. 

Ditches  for  diffusing  water  need  not  be  true  in  grade  or  alignment. 
They  may  humor  the  topography,  and  the  more  checks  the  better.  A 
lower  embankment  only  is  necessary.  PL  XI,  Fig.  1  and  PI.  VI,  Fig.  2 
show  rock  levees  along  San  Antonio  Creek  to  control  the  channel  in 
connection  with  water  spreading.  This  type  of  construction  is  adapted 
to  locations  where  the  rock  is  at  hand.  The  water  face  of  the  levee  is 
protected  by  a  mattress  of  boulders  enclosed  by  wire  mesh  tied  through- 
out to  prevent  the  stone  accumulating  at  the  bottom  and  anchored  at 
the  top  and  base.  The  levee  is  further  protected  by  stringing  sacks  of 
boulders  tied  sausage-like  and  anchored  at  one  end  only.  The  design 
of  the  levee  is  shown  by  the  accompanying  sketch.  A  length  of  8,000 
feet  of  this  levee  was  built  for  $2,000. 
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Need  of  Flood  Water  ChanneL 

As  it  is  hardly  possible  to  prevent  all  flood  water  reaching  lower 
Coachella  Valley,  a  channel  to  confine  and  direct  the  surplns  water 
should  be  located  and  improved  below  Point  Happy.  Even  should  the 
upper  tributaries  be  controlled,  it  is  probable  that  Deep  Canyon  would 
at  times  discharge  enough  water  to  reach  Salton  Sea.  Conditions  are 
not  so  favorable  to  spreading  water  at  the  mouth  of  this  canyon  for  the 
stream  discharges  on  the  more  pervious  silt  floor  of  the  cienega  with  its 
moist  subsoil  at  Indian  Wells.  The  problem  now  before  the  Coachella 
Valley  Storm  Water  District  is  one  in  which  conservation  of  the  water 
supply,  flood  control,  best  use  of  water  in  irrigation,  improvement  of 
the  highway,  and  drainage  of  saturated  low  lands  are  interrelated. 

The  location  of  the  Riverside  County  highway  depends  on  the  route 
selected  for  the  flood  channel.  The  highway  is  now  being  cut  through 
the  rock  at  Point  Happy.  At  present  the  main  road  leads  to  Indio  and 
through  the  other  towns  along  the  railroad.  The  county  is  waiting  for 
the  storm  channel  to  be  located  before  determining  the  route  of  the  new 
road  through  the  valley.  The  bonds  for  the  road  from  Banning  to  the 
Imperial  County  line,  amounting  to  $275,000,  have  been  sold  and  interest 
is  being  paid  on  them.  The  accompanying  map,  PL  I,  shows,  outlined 
by  dashed  line,  an  area  of  27,300  acres  with  one  to  three  per  cent  of 
alkali.  Some  of  this  land  is  being  farmed,  but  much  of  it  would  be  im- 
proved by  drainage.  A  channel  running  through  it  may  be  made  a  step 
towards  a  more  comprehensive  drainage  system,  and  should  be  a  direct 
benefit  to  the  land  by  removing  some  of  the  salt.  If  water  be  not  con- 
served on  the  gravel  cones  the  outlook  for  a  large  extension  in  the 
irrigated  area  is  not  good.  There  is  yet  plenty  of  good  land  on  which 
to  use  the  water  now  available ;  however,  the  most  economical  pumping 
is  in  the  low  area,  and  in  case  of  overdevelopment  of  the  underground 
water  the  wells  in  the  low  area  would  be  afl'ected  last,  so  it  is  probable 
that  the  low  lands,  except  where  the  salt  content  is  excessive,  will 

always  be  farmed. 

Location  of  Flood  Channel. 

Two  routes  for  a  flood  channel  are  worthy  of  consideration.  One 
would  be  to  continue  the  plan  begun  by  the  Indio  Levee  District  by  con- 
ducting the  water  north  of  Indio  to  the  main  natural  channel  through 
the  valley  northeast  of  Coachella  and  crossing  the  railroad  at  ThermaL 
The  other  would  be  to  hold  the  water  to  the  southwest  side  of  the  vaUey 
below  Point  Happy,  allowing  it  to  enter  one  of  the  natural  channels  in 
the  middle  of  the  valley,  towards  Salton  Sea. 

The  advantages  of  the  first-mentioned  route  are  that  it  follows  the 
lowest  depression  of  the  valley,  and  a  natural,  if  inadequate,  channel  to 
which  most  unconfined  water  gravitates;  that  it  should  be  easier  to 


Plat*  XII.  Fig.  1   (upper). — KeidftU  below  San  Antonio  Canron  n 
mouth  of  Santa  Atu  Caoiran  JanoaTT  12,  1916.     PowerhouH  ii  ihown  ii 
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maintain  than  a  channel  on  higher  ground,  and  that  it  is  well  located  to 
act  as  a  drain  for  the  improyement  of  the  alkali  lands.  The  disadvan- 
tages are  that  it  is  close  to  the  towns  of  Indio,  Coachella  and  Thermal, 
and  to  well  improved  lands,  especially  above  Indio,  that  it  crosses  the 
railroad  twice,  and  that  it  is  not  the  most  direct  route. 

The  advantages  of  the  last-mentioned  route  are  that  it  is  more  direct 
than  by  way  of  Indio  and  that  it  avoids  proximity  to  the  towns  and  the 
railroad.  The  disadvantages  are  that  it  would  be  more  difScult  to 
maintain  than  the  lower  route,  that  it  passes  through  some  of  the  best 
land  in  the  valley,  and  that  it  would,  through  seepage,  aggravate  rather 
than  improve  the  condition  of  moist  low  land.  There  is  little  choice 
between  the  two  routes  on  account  of  length.  The  distance  from  Point 
Happy  to  Salton  Sea  along  the  southwest  side  is  about  20  miles,  and  by 
way  of  Indio  and  the  arroyo  23  miles. 

The  several  divisions  of  grade  for  Whitewater  Biver  are  as  follows : 


fe0tper 
mile 
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Oanyon  to  Palm  Springs 

Palm  Spring!  to  Point  Happy 
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FDlnt  Happy  to  Salton  Sea  via  southweit. 
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The  map  shows  the  grade  from  the  100-foot  contour  at  Indian  Wells 
to  sea  level  to  be  -.  along  the  Indio  levee  17.5  feet  per  mile,  and  along 
southwest  side  16.7  feet  per  mile.  The  grade  of  either  route  is  sufficient, 
and  there  seems  to  be  no  serious  abrupt  changes  in  grade  in  either. 
There  need  be  no  short  curves  on  either  route.  The  long  bends  on  the 
Indio  route  should  not  cause  trouble. 

In  either  channel  the  action  of  a  high-water  stage  would  be  to  erode 
and  of  a  declining  stage  to  deposit  silt.  Drain  ditches  have  been  con- 
structed on  the  east  side  of  Imperial  Valley,  where  the  soil  and  grade 
are  similar,  by  building  two  small  levees  to  confine  the  water  and  by 
sluicing  a  channel  between  them.  A  high  velocity  is  desirable  if  the 
channel  is  to  be  in  the  main  cut  below  the  ground  surface,  but  a  moderate 
velocity  is  better  if  the  current  must  act  against  levee  built  above  the 
ground  surface.  The  cost  of  construction  should  not  be  much  different 
for  the  two  routes,  for  while  the  Indio  route  is  longer  it  should,  being 
on  low  ground,  not  require  so  high  a  levee  as  the  other  route.  The 
advantage  would  depend  largely  on  whether  one  route  would  require 
more  double  levee  than  the  other.  A  levee  on  one  side  only  may  be 
sufficient  for  portions  if  not  all  of  either  route.  For  the  benefit  of  the 
moist  land  the  Indio  route  is  much  the  better.  This  route  should,  other 
things  being  equal,  be  more  easily  maintained.    In  case  of  accidental 
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break  in  the  levee  the  water  would  be  apt  to  do  damage  to  the  towns 
and  to  the  railroad.  In  case  of  similar  accident  on  the  other  route  it  is 
uncertain  what  direction  the  water  would  take,  but  it  is  probable  that 
it  would  flow  eastward  and  reach  towns  below  Indio.  It  is  probable 
that  the  Southern  Pacific  Company  would,  for  the  protection  of  its 
operating  property,  favor  the  route  on  the  southwest  as  the  railroad 
would  have  to  bridge  the  channel  past  Indio  twice.  If  the  water  be 
properly  controlled  the  railroad  should  not  be  menaced  with  one  route 
more  than  the  other.  The  railroad  company  has  much  land  in  addition 
to  its  right  of  way  and  its  interests  are  in  common  with  those  of  the 
entire  valley.  The  best  engineering  plan  should  be  followed  and  adjust- 
ments made  by  properly  distributing  the  costs.  The  land  that  would 
be  required  for  right  of  way  for  a  drain  on  the  southwest  side  is  better 
agricultural  soil  than  that  along  the  railroad,  but  the  value  of  the 
latter  may  be  influenced  by  proximity  to  towns.  The  flood  channel  can 
be  more  cheaply  improved  by  constructing  levees  with  plenty  of  space 
between  than  by  excavating  a  deeper  channel  between  levees  closer 
together  to  give  the  same  capacity.  While  the  route  along  the  railroad 
seems  the  more  favorable,  final  recommendations  can  not  be  made  until 
preliminary  surveys  are  made  and  more  information  gathered  on  the 
two  routes.  From  an  engineering  standpoint  the  water  spreading  on 
the  gravels  should  be  begun  first  and  then  the  storm  drain  to  control  the 
surplus  could  be  more  intelligently  designed,  but  since  the  problem  is 
complicated  by  the  location  of  the  highway,  the  directors  of  the  district 
may  decide  to  construct  the  drain  first. 

Summary  of  Recommendations. 

The  following  is  recommended : 

1.  Preparations  should  be  made  by  the  Coachella  Valley  Storm 
Water  District  to  spread  flood  waters  over  the  gravel  areas  below 
Whitewater  and  Tahquiz  canyons  to  the  extent  of  2,000  second-feet,  or 
to  the  extent  of  preventing  water  reaching  below  Point  Happy, 

2.  Surveys  should  be  made  to  determine  the  best  location  and  sizes 
for  ditches  for  spreading  water,  the  number  of  diversions  that  can  be 
advantageously  made,  the  area  available  for  spreading  over,  the 
character  of  headworks  required  and  the  cost  of  the  works. 

3.  Application  should  be  made  to  the  Secretary  of  the  Interior  to 
have  withdrawn  from  entry  and  reserved  for  the  conservation  purposes 
of  the  district  the  public  lands  where  water  is  to  be  spread  over  the 
gravels.  Arrangement  should  be  made  with  the  Southern  Pacific  Com- 
pany for  the  use  of  railroad  lands  in  the  same  areas. 

4.  Application  should  be  made  to  the  State  Water  Commission  for 
the  right  to  use  as  much  of  the  flood  waters  as  the  district  intends  to 
store  in  the  gravels. 
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5.  While  the  water  line  of  the  high  flood  of  January  17,  1916,  is 
still  visible,  a  eroiss-section  should  be  made  of  the  channel  of  Whitewater 
River  at  Point  Happy  and  the  grade  determined  for  one  mile  past  the 
point  from  which  to  calculate  the  capacity  needed  in  a  storm  drain  in 
Coachella  Valley. 

6.  Preliminary  surveys  should  be  made  of  routes  for  a  storm  drain 
on  both  sides  of  Coachella  Valley  in  order  to  compare  cost  and  adapta- 
bility. The  surveys  shoidd  include  determination  of  the  grades  and 
whether  a  single  levee  would  suffice  or  whether  a  double  levee  would  be 
necessary. 

7.  The  district  should,  through  its  organization,  aid  the  district 
attorney  of  the  county  in  enforcement  of  the  law  for  the  closing  of 
flowing  wells  when  the  water  is  not  in  use,  except  in  cases  where  it  is 
impracticable  to  close  the  wells. 

Dated  May  31,  1916. 
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BIENNIAL  REPORT  OF  THE  DEPARTMENT  OF 

ENGINEERING. 


INTRODUCTION. 

In  presenting  this,  the  sixth  biennial  report  of  the  Department  of 
Engineering,  it  is  deemed  proper  to  invite  special  attention  of  the 
Executive  and  the  legislature  to  certain  matters  contained  herein. 


I 


TO  OUR  DEFENDERS  IN  THE  LIBERTY  WAR  THE 
FRONTISPIECE  OF  THIS  VOLUME  IS  DEDICATED. 


Every  institution  and  organization,  and  well-nigh  every  family  in 
the  land,  sent  its  best  sons  to  the  service  of  our  country,  and  the 
Department  of  Engineering  is  proud  of  its  men  whose  Service  Stars 
shine  forth  upon  its  escutcheon. 

Not  less  Ls  the  regard  held  for  others  who  endeavored  to  join  the 
colors  but  failed  for  reasons  that  were  no  fault  of  theirs.  Many  offered 
their  services,  which  were  declined,  and  two  were  accepted  but  fell  ill 
on  the  eve  of  departure,  the  armistice  being  declared  before  they 
recovered. 

All  of  those  who  answered  the  call  were  given  indefinite  leaves  of 
absence  with  the  assurance  that  their  positions  would  be  open  for  them 
when  thev  return. 

In  addition  to  those  who  joined  the  colors,  a  number  of  the  depart- 
ment's force  went  into  special  lines  of  industrial  war  work,  so  that 
altogether  46  per  cent  of  the  male  force  was  released  for  war  activities. 

So  large  a  depletion  of  the  working  force  has  necessarily  caused 
some  confusion,  but  the  curtailment  of  building  operations  by  restric- 
tions placed  thereon  as  war  measures,  and  the  united  efforts  of  those 
remaining,  have  enabled  the  department  to  conduct  its  affairs  witli  a 
good  degree  of  eflficiency. 

In  this  connection  it  is  desired  to  commend  the  lovaltv  of  those  who 
remained  with  the  department  and  who  assumed  the  duties  of  the 
missing  ones  and  uncomplainingly  performed  extra  work  in  order  that 
their  absent  companions'  vacant  places  should  not  l)e  filled  until  th<* 
rightful  claimants  should  return. 

It  is  particularly  urged  upon  the  Executive  and  the  legislature  the 
desirability  of  providing  means  for  giving  our  brave  **boys"  remuner- 
ative employment  when  they  return  to  their  old  positions. 


6  BIENNIAL  REPORT  OP  DEPARTMENT   OP  ENGINEERING. 

Another  matter  which  gives  the  head  of  the  department  much 
gratification  is  the  patriotic  response  made  by  the  members  of  the 
department  to  all  requests  for  financial  aid  in  prosecuting  the  war. 
The  donations  to  Red  Cross,  Y,  M.  C.  A.  and  other  war  work  calls 
have  been  generous. 

It  has  been  pointed  out  that  the  force  was  greatly  reduced  by  war 
conditions,  yet  the  department  bought  $38,950*  of  Liberty  Bonds,  being 
more  than  30  per  cent  of  the  annual  compensation  of  those  purchasing. 
It  should  be  remembered  in  this  connection  that  salaries  of  state 
employees  have  not  advanced  with  the  high  cost  of  living.  !Most  of 
them  are  receiving  the  same  compensation  paid  them  long  before  the 
war,  when  living  expenses  were  scarcely  half  of  the  present  cost,  and 
with  some  even  the  purchase  of  a  small  bond  meant  real  sacrifices. 

The  development  of  the  great  valleys  of  California  will  probably 
receive  great  impetus  after  the  war.  Attention  is  invited  to  a  discus- 
sion herein  under  the  title  of  Conflict  of  Interests. 

It  is  urged  that  the  Department  of  Engineering  be  provided  with 
means  to  immediately  extend  its  research  into  matters  that  will  assist 
in  harmonizing  warring  industries. 

It  is  being  proposed  in  some  quarters  that  the  state  inaugurate  large 
colonization  schemes  to  provide  homes  for  returning  soldiers.  In  this 
connection  it  is  urged  that  if  such  is  to  be  the  policy  of  the  state,  close 
study  be  made  of  means  of  developing  some  of  our  vast  areas  of  cheap 
desert  lands. 

There  is  need  of  careful  investigation  into  proposed  irrigation  dis- 
trict enterprises,  the  extent  of  which  is  limited  by  lack  of  funds. 

It  is  suggested  that  the  Department  of  Engineering  be  given  a  fund 
for  this  purpose.  It  could  be  largely  reimbursed  by  requiring  a  dis- 
trict after  being  organized  to  pay  the  expenses  incurred. 

Attention  is  invited  to  a  clerical  error  in  section  15a  of  the  irrigation 
district  law%  as  amended  in  1917.     The  error  should  be  corrected. 

The  cordial  relations  sustained  between  the  department  and  the 
various  offices  of  the  state  government,  the  several  institutions  and  the 
many  branches  of  the  federal  government  with  which  co-operative 
work  has  been  conducted,  has  been  a  source  of  personal  satisfaction, 
and  the  State  Engineer  takes  this  opportunity  of  acknowledging  the 
many  courtesies  received  at  the  hands  of  all  with  whom  dealings  have 
been  had. 


•In  addition  to  this  amount  $4,450  of  bonds  were  purchased  by  members  away  on 
•war  leave,"  maklnj?  the  total  amount  $43,400. 


PART  L 
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of  Cafifornia. 

HISTORICAL. 

The  Department  of  Engineering  was  created  by  an  act  of  the  legis- 
lature approved  March  11.  1907,  chapter  1S3,  statutes  11H)7,  and  was 
organized  in  the  May  following. 

The  act  creating  this  department  abolished  the  offices  of  Commis- 
sioner of  Public  Works,  Auditing  Board  to  the  Commissioner  of  Public 
Works,  Department  of  Highways  and  State  Highway  Commissioner, 
Lake  Tahoe  Wagon  Road  Commissioner,  and  Debris  Commissioner, 
and  delegated  the  performance  of  their  several  duties  to  the  Depart- 
ment of  Engineering.  To  the  department  was  also  assigned  all  engi- 
neering work  for  the  Board  of  Harbor  Commissioners  of  San  Francisco 
and  the  design  and  construction  of  buildings  and  works  for  all  the 
hospitals,  prisons,  schools  and  other  state  institutions.  It  w*as  given 
authority  to  co-operate  with  the  Department  of  the  Interior  and  other 
departments  and  bureaiLs  of  the  national  government  in  making  sur- 
veys, investigations,  etc. 

Mr.  Nathaniel  EUery  was  appointed  to  the  position  of  State  Engineer 
and  chief  executive  officer  of  the  Department  of  Engineering,  and 
assumed  the  office  May  11,  1907.  He  was  succeeded  in  office  by  the 
appointment  of  Mr.  Wilbur  F.  McClure,  incumbent,  February  18,  1912. 

The  records  of  the  organization  of  the  department  and  the  work 
accomplished  by  it  from  the  date  of  its  establishment  to  November  30, 
1916,  have  been  published  in  the  reports  heretofore  issued  every  two 
years,  and  it  is  the  purpose  of  this  report  to  review  the  operations  of 
the  department  during  the  biennial  period  just  clasing. 

Since  the  department  was  created,  each  session  of  the  le«rislatun'  has 
enacted  laws  amending  the  statutes  affecting  the  work  of  the  depart- 
ment, the  most  notable  of  which  have  been  the  placing  in  the 
department  the  supervision  of  the  design  and  e(mstruction  of  danw; 
the.  examination  of  proposed  irrigation  district  projects  and  the  super- 
vision, with  the  bond  commission,  of  the  issue  of  irrigation  district 
bonds  thereunder;  the  administration  of  the  state  highway  acts  involv- 
ing the  expenditure  of  $33,000,000  for  the  const  met  ion  of  the  state 
highways. 


8  BIENNIAL  REPORT   OP   DEPARTMENT   OP  ENGINEERING. 

DEPARTMENT  OF  ENGINEERING. 

Under  the  statutes  now  in  force  the  Department  of  Engineering  is 
composed  of  two  bodies :  Advisory  Board  and  Executive  Force.  These 
two  bodies  are  constituted  respectively  as  follows: 

THE   ADVISORY   BOARD. 

Governor,  ex  officio  member  and  chairman. 

General  Superintendent  of  State  Hospitals,  ex  officio  member. 

Chairman  of  Board  of  State  Harbor  Commissioners  of  San  Fran- 
cisco, ex  officio  member. 

State  Engineer,  appointed  by  the  Governor,  ex  officio  member. 

Three  members,  appointed  by  the  Governor. 

The  Advisory  Board  is  the  administrative  head,  and  directs  the 
operations  of  the  department  through  the  State  Engineer,  who  is  the 
chief  executive  officer  of  the  department. 

The  ex  officio  members  receive  no  salarv  as  members  of  the  Advisory 
Board.  The  three  last-named  appointed  members  of  the  Advisory 
Board  are  delegated  as  a  special  executive  committee  of  the  board  to 
administer  the  state  highways,  and  bear  the  title  of  State  Highway 
Commission.     These  members  are  paid  salaries. 

EXECUTIVE   FORCE. 

This  body  is  composed  of  two  classes  of  employees,  which  for  con- 
venience are  designated  as  '* statutory"  and  ** nonstatutory*'  employees. 
The  first-named  class  are  those  enumerated  by  the  laws  which  authorize 
the  Department  of  Engineering  to  appoint  the  following: 

Highway  Engineer. 

Chief   Engineer  for  tlie   Board   of  State   Harbor  Commissioners 
(San  Francisco). 
Two  Assistant  Engineers. 
Secretary. 
State  Architect. 
Assistant  State  Architect. 
Auditor. 

General  Superintendent  for  the  Architectural  Division. 
Mechanical  Engineer. 
Structural  Engineer. 
Electrical  Engineer. 
Architectural  Designer. 
Three  Architectural  Draftsmen. 
Engineer's  Draftsman. 
Estimator. 
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Specification  Writer. 

Blueprint  Pressman. 

Two  Clerks. 

Two  Stenographers. 

Janitor. 

These,  with  the  State  Engineer  as  Chief  Executive  Officer,  comprise 
the  ''statutory"  force.  Their  salaries  are  paid  from  the  fund  created 
by  the  ** General  Appropriation  Act." 

The  field  of  operations  of  the  Department  of  Engineering  is  so 
extensive  and  its  activities  so  varied  that  the  above-enumerated  statutory 
force  is  not  sufficient  to  properly  conduct  the  work  of  the  department 
and  must  be  augmented  by  additional  assistants  appointed  from  time 
to  time  as  exigencies  arise  requiring  their  services.  Their  compensa- 
tion is  paid,  usually,  from  the  appropriations  made  to  cover  the  par- 
ticular work  for  which  they  are  engaged.  When  no  such  appropriation 
exists  they  are  paid  from  the  department's  contingent  fund. 

The  force  of  ''nonstatutory"  employees  includes  engineers  and 
architects,  designers,  draftsmen,  inspectors,  etc.,  engaged  in  building 
operations;  engineers,  surveyors,  inspectors  and  others  required  to 
design  and  construct  waterworks  and  sewerage  plants,  etc.,  at  the  state 
institutions;  engineers,  surveyors,  hydrographers,  boatmen,  foremen, 
cooks  and  laborers  employed  in  control  and  improvement  of  river 
channels;  engineers  and  special  examiners  to  investigate  bridges,  dams 
and  irrigation  projects,  together  with  an  army  of  people  engaged  in 
the  varied  operations  of  the  Highway  Commission. 

DUTIES  OF  THE  DEPARTMENT. 

The  above  list  of  employments  indicates  to  some  extent  the  varied 
nature  of  the  department's  activities  and  the  extent  of  the  field  covered 
by  it.  Its  duties,  as  specified  by  several  statutes,  are  summarized  as 
follows : 

To  make  plans  and  specifications  for  all  buildings  at  the  various 
state  institutions,  to  let  contracts  for  and  superintend  their  erection, 
or.  in  case  satisfactory-  contracts  can  not  be  made,  to  construct  the 
buildings  by  day  labor.  To  design  and  install  all  heating,  light int;, 
ventilating,  refrigerating,  water  supply,  sewerag(\  and  mechanical 
plants  of  every  nature — whether  changes,  extensions  or  original.  Sur- 
vey grounds,  lay  out  walks,  drives  and  roads;  provide  water  supply, 
irrigation,  reclamation,  sewer  and  drainage  systems,  re(|uiring  the 
design  and  construction  of  dams,  reservoirs,  pipe  lines,  wells.  pumpin<r 
plants,  ditches,  sewage  treatment  and  dispo.sal  plants  and  drains. 
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Design  and  construct  works  for  the  protection  of  river  levees,  preser- 
vation of  navigation  and  protection  from  floods. 

Conduct  research  looking  to  the  reclamation  of  the  overflow  basins 
and  to  effect  flpod  control  on  the  Sacramento  and  San  Joaquin  and 
other  rivers  of  the  state. 

Studies  of  the  feasibility  of  navigable  canals  and  canalization  of 
rivers. 

Through  the  engineering  force  assigned  to  the  Board  of  Harbor 
Commissioners,  to  design  and  direct  the  construction  of  wharves,  piers, 
buildings  and  their  equipment  on  the  water  front  of  San  Francisco. 

Through  the  Highway  Commission  the  construction  and  maintenance 
of  the  state  highways  authorized  by  the  state  highway  bond  acts,  and 
the  improvement,  repair  and  maintenance  of  more  than  600  miles  of 
state  roads  in  the  mountains. 

By  co-operation  with  the  federal  government  a  topographic  survey 
of  the  state  is  being  made;  daily  measurements  are  made  of  the  water 
flowing  in  all  the  principal  and  many  of  the  minor  streams  of  the  state; 
studies  of  possibilities  for  developments  of  power  in  the  mountains  and 
irrigation  in  the  plains.  Investigation  of  the  quantity  of  water 
required  for  various  crops,  methods  of  applying  it,  waste  in  the  usi? 
of  water,  etc. 

This  department  is  required  to  co-operate  with  the  engineers  of  the 
War  Department  in  matters  concerning  debris  control.  Hood  control 
and  aids  to  navigation. 

Supplemental  to  the  investigation  of  stream  flow  for  flood  control  and 
utilization,  the  department  is  engaged  in  the  determination  of  water 
stored  in  the  great  snaw  fields  of  the  mountains  and  the  study  of 
meteorological  phenomena  affecting  the  run-off. 

The  State  Engineer  is  required  to  investigate  and  pass  upon  the 
feasibility  of  the  enterprise  before  an  irrigation  district  can  be  organ- 
ized, and  as  a  member  of  the  District  Bond  Commission  approve  plans 
and  determine  the  cost  of  proposed  works  as  bases  for. bond  issues  as 
well  as  the  validation  of  bonds  when  issued;  to  keep  a  general  super- 
vision of  construction  of  irrigation  works  executed  under  bond  issues. 
Also  to  perform  the  same  offices  in  connection  with  the  issue  cf  lK>nds 
bv  countv  water  works  districts. 

He  is  ex  oflficio  a  member  of  the  State  Water  Commission,  which  body 
has  control  of  all  water  appropriations  and  the  ascertainment  of  water 
rights.     He  is  also  a  member  of  the  Carey  Act  Land  Board. 

The  State  Engineer  is  required  by  law  to  direct  the  engineering 
investigations  for  the  Reclamation  Board  to  determine  the  proper  loca- 
tion and  sufficiency  of  proposed  reclamation  works,  so  that  they  shall 
conform  to  the  plan  for  the  flood  control  adopted  by  the  state. 
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Plans  for  all  bridges  to  cross  navigable  streams  are  required  to  be 
approved  by  the  State  Engineer  before  they  are  permitted  to  be 
erected.  • 

The  law  directs  that  he  shall  pass  upon  the  plans,  specifications  and 
estimates  of  all  dams  constructed  in  the  state. 

In  addition  to  the  active  duties  enumerated  above,  the  department 
conducts  an  extensive  correspondence,  answering  queries  from  all  over 
the  country'  seeking  information  in  regard  to  the  extent  of  drainage, 
reclamation,  irrigation  and  power  developments,  and  many  other  lines 
of  progress  in  the  state,  and  the  costs  thereof.  If  the  information  is 
at  hand  or  can  be  obtained  it  is  always  furnished.  This  is  done  upon 
the  theory  that  all  public  offices  should  be  in  a  measure  publicity 
bureaus,  and  the  dissemination  of  correct  information  as  to  the  resources 
of  the  state  and  its  advantages  is  a  proper  function  of  all  branches  of 
the  government. 

The  department  has  been  called  upon  by  municipalities  for  advice  in 
regard  to  sewage  disposal;  by  communities  asking  for  the  examination 
of  dams,  as  to  their  stability  and  safety,  and  specifications  to  strengthen 
the  same,  as  well  as  advice  regarding  fiood  protection  and  stream  con- 
trol in  different  portions  of  the  state.  While  these  are  not  duties 
enjoined  by  law  upon  the  department,  the  State  Engineer  has  always 
responded  to  such  requests  and  given  such  assistance  in  an  advisory 
way  as  the  department  was  able  to  furnish,  and  it  is  gratifying  to  know 
that  such  aid  has  been  regarded  of  value  by  the  recipients. 

Since  this  country  became  involved  in  the  great  world- war,  the  State 
Engineer  and  the  department  have  been  called  upon  by  state  and  fed- 
eral officials  for  aid  in  matters  connected  with  the  prosecution  of  the 
war.  Such  work  as  the  department  can  do  is  placed  ahead  of  any  other 
and  its  best  energies  utilized  whenever  called  upon. 

ORGANIZATION. 

As  previously  stated,  the  department  is  divided  into  branches  to 
handle  each  different  kind  of  work.  These  branches  are  termed 
bureaus.  The  executive  head  of  each  bureau  is  called  the  director,  lie 
reports  directly  to  the  State  Engineer. 

The  bureaus  as  now  established  are  as  follows: 

I.  General  Office  Bureau. 
II.  Bureau  of  Architecture. 

III.  Bureau  of  Economics. 

IV.  Bureau  of  Highways. 

I.  The  General  Office  Bureau  conducts  the  business  of  the  depart- 
ment relating  to  all  other  branches,  such  as  keeping  the  records  and 
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archives,  accounts,  contracts,  claims  and  payments,  legislation,  janitor 
and  messenger  service,  etc. 

II.  The  Bureau  of  Architecture,  as  its  name  implies,  designs  and 
constructs  all  state  buildings. 

III.  The  Bureau  of  Economics  has  charge  of  all  matters  pertaining 
to  hydraulics,  such  as  irrigation,  stream  measurement,  flood  control, 
reclamation,  drainage,  and  navigation. 

Plans  for  water  supply,  for  sewerage,  irrigation,  drainage  and  recla- 
mation, roads  and  bridges,  topographic  surveys  of  grounds  and  surveys 
of  land  boundaries  for  all  state  institutions  are  entrusted  to  this  bureau. 

Supervision  of  dams  and  bridges  is  exercised  through  this  bureau. 

This  bureau  also  has  charge  for  the  state  of  co-operative  topographic 
surveys,  hydrology,  meteorology  and  irrigation  investigations,  debris 
control  and  inland  navigation. 

IV.  That  branch  of  the  department  designated  herein  as  Bureau 
of  Highways  was  created  for  the  purpose  of  carrying  out  the  highway 
bond  acts. 

This  duty  it  has  performed  since  1911.  In  1917,  since  the  last 
report  of  the  department  was  published,  the  office  of  state  roads  (having 
charge  of  the  mountain  roads)  was  transferred  to  this  bureau. 

The  Highway  Bureau  has  so  large  a  task,  requiring  such  a  complete 
organization  for  one  specific  purpose,  that  it  almost  constitutes  a 
separate  department.  It  is,  however,  a  part  of  the  Department  of 
Engineering  and  is  administered  through  the  direction  of  members  of 
the  Advisory  Board  delegated  to  that  duty. 


PERSONNEL. 
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PERSONNEL. 

At  the  date  of  this  writing,  November  1,  1918,  the  Department  of 
Engineering  is  organized  as  follows : 

ADVISORY  BOARD. 

WQliam  D.  Stephens - Governor  (Chairman) 

W    P.  McGliire -- State  Engineer 

Arthar  Arlett _ President  State  Board  of  Harbor  Commifisioners 

F.  W.  Hatch General  Superintendent  of  State  Hospitala 

N.  D.  Darlington  (chairman),  Gbas.  P.  Stem, * State  Highway  Commission 

EXECUTIVE  OFFICE. 

Note.— Those  whose  names  are  followed  by  the  letters  (O.  L.)  are  on  leave  serving  with  the 
colors.  The  letters  (W.  W.)  following  names  Indicates  that  the  persons  are  on  leave  engaged 
in  ••war  work"*  other  than  with  the  armed  forces. 


TlUe 


Name 


Entered 
service 


State  Engineer W.  F.  McOlure >  Feb.  12,  1912 

S-»cretary  Earle  Freeman  _ __'  Mar.  13,  1912 


*Henry  J.  Wldenmann,  died  October  5, 1918. 


GENERAL  OFFICE  BUREAU. 
Secretary  of   Department - Dlr'-ctor 


Title 


Name 


Entered 
seirice 


IMvision  of  correspondence— 
S^srctary,  chief. 

Stpnographer 

.Stenographer _-. 

Stenographer 

Telephone  operator  

Messenger   

Division  of  accoimts — 
Auditor,  chief. 

Auditor    

Filing  chrk _ 

Filing  clerk 

Cl-rk _ 


Cl«rk 
Clerk 
Clerk 
Clerk 
Cl-Jrk 


I 

Lucy  K.  Adams _   April   1,  1912 

Henrietta  Burt ,  May  16,  1913 

Elsa  Koch  .^  Mar.  25,  1914 

Florence  Lombard Jan.  20,  1917 

Robert  E.  Hays Dec.   31,  1917 

J.   H.   Clarke Nov.  11,  1911 

Chas.  Johnston ,  July    8,  19()7 

J.  C.  McCalmont i  Mar.  26.  1912 

A.  J.  Adams \  May  28,  1909 

Thos.  McCuliy |  Feb.    1,  1916 

F.  M.  Stewart  (O.  L.) July  28,  1916 

N.E.Whit? ..._ AprillS,  1912 

C.  E.  Thorp  (W.  W.). Nov.  10,  1917 

J.  W.  Hickey Oct.  17,  1917 
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BUREAU  OF  ARCHITECTURE. 

State  Architect  — Director 

Assistant  State  Architect - — SupertaitendeDt 


Tltto 


Director's  office- 
State  Architect 

Assistant  State  Architect 

Olerk  ._ 

Blueprlnter  

Architectural  division- 
Assistant  State  Architect,  chief. 

General  inspector  

Chief  architectural  designer 

Architectural  designer  __. 

Architectural  designer 

Specification  writer 

Estimator  

Assistant  estimator 

Chief  architectural  draftsman 

Architectural  draftsman 

Architectural  draftsman _. 

Architectural  draftsman  .__ 

Architectural  draftsman 

Architectural  draftsman  > 

Architectural  draftsman  ___ 

Architectural  draftsman 

Architectural  draftsman  _. 

Architectural  draftsman  ._ 

Architectural  draftsman  __ 

Architectural  draftsman  ._ 

Architectural  draftsman  __ 

Engineering  division- 
General  superintendent,  chief. 

General  superintendent 

Structural  engineer _ 

Structural  draftsman 

Structural  draftsman ,., 

Structural  draftsman 

Mechanical  engineer 

Mechanical  draftsman 

Mechanical  draftsman 

Mechanical  draftsman 

Mechanical  draftsman 

Mechanical  draftsman  _ 

Mechanical  draftsman 

Mechanical  draftsman 

Mechanical  draftsman 

Electrical  engineer  ._. 

Electrical  draftsman 

Electrical  draftsman 

Electrical  draftsman  - 

Electrical  draftsman 


Ni 


George  B.  McDougall 

Jas.  S.  Dean 

Harold  McMillan  (O.  L.). 
Frank  Butler 


J.  W.  Dutton,  Jr.. 

Chas.  P.  Dean 

R.  E.  Backus 

A.  R.  Widdowson ^ 

C.  K.  Aldrich  (O.  L.) 

I.  C.  Satterlse 

Ward  Dwan  (O.  L.) 

Geo.  J.  Adams  (O.  L.)_. 

Don  M.  GUppinger 

W.  K.  Daniels  (O.  L.)__ 

P.  W.  DeLongchamps  (O.  L.) 

H.  J.  Devlne  (O.  L.) 

E.  Field  (W.  W.) 

J.  G.  Heath  (O.  L.) 

Walter  J.  Long 

Carleton  Pierson  

O.  E.  Richardson  (W.  W.) 

Fred  Ruckh  (W.  W.) 

Leroy  F.  Sherwood 

O.  F.  Strothoflf _ 


Luppe  B.  Luppen 

Clarence  H.  Kromer  (O.  L.). 

Wm.  K.  Bartges  (O.  L.) 

H.  A,  Smith  (W.  W.) 

W.  Wakeman  (W.  W.) 


A.  L.  Burleson  (W.  W.) 

W.  H.  Epperson  (W.  W.).. 

J.  B.  Hawley 

C.  A.  Henderlong  (W.  W.). 

E.  H.  Hogan  (W.  W.) 

M.  W.  Hulse  (W.  W.) 

L.  E.  Rushton  (W.  W.)— . 

P.  H.  Steiner  (W.  W.) 

G.  H.  SimoDSon 

Andrew  Eliason  (W.  W.).. 

F.  H.  Saeger  (W.  W.) 

Geo.  N.  Sargent 

C.  G.  Zschockelt 


Aug.  IS,  19U 
Aug.  1,  1913 
Oct.  1,  1914 
April   1.    1912 


Oct. 

Sspt. 

Sept. 

July 

Mar. 

July 

Nov. 

Aug. 

May 

Aug. 

Aug. 

Aug. 

Aug. 

Feb. 

Nov. 

Jan. 

May 

Mar. 

Jan. 

Aug. 


1,  1912 
2S,  1911 

1.  1912 
17,  1911 
13,  1914 
17,  1914 

1,  1917 
15.  1915 
15,  1918 

1,  1915 
11,  1913 

2.  1917 
1.  1917 
1,  1913 

IS,  1912 

20.  1913 

6.  1918 

17,  1914 

1,  1913 

2,  1917 


Aug.  1,  1912 
Feb.  18^  191S 
June  1,  1914 
July  19,  1917 
Feb.     2.  1918 


May 

Dec 

July 

April 

Mar. 

July 

July 

Oct. 

Sept. 

Feb. 

May 

Aug. 

June 


2,  1918 

96,  1917 

12,  1915 

28.  1914 

4,  1914 

27,  1917 

6.  1915 

19,  1914 

22.  1913 

18.  1918 

16,  1918 

1.  1917 

30.  1913 
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BUREAU   OF   ECONOMICS. 
AMiBtmnt  Stale  EnfiiKcr.. — > 


.Wr*rtor 


TttI* 


AMtotant  Stats  'Engbkter . 

Tlood  control  and  RdamaUoo  dhrisioii— 
AflBistant  State  Ensfneer,  cliisf . 

Flood  control  endnecr' 

KaTicatkm  diTMon — 

Aastotant  State  Engineer,  chief. 
Chief  engineer,  San  Francisco  hartwr^.. 

Hydrograidier 

Hydrograpber ._- 

Superintendent,  river  work 

Foreman,  river  work „ 

Foreman,  river  work 

Clerk    -. 

Boat  engineer 

Helper  _ 

Cook  - _ 

Irrigation  division— 

Agatetant  State  Engineer,  chief. 

Project  examiner 

Division  of  co-operative  researdi — 
Assistant  State  Engineer,  chief. 
U.  S.  Gec^gieal  Survey- 
Topographic - - 

Hydrographic - 

U.  S.  Department  of  Agriculture- 
Irrigation  inquiry  _ 

Divteion  of  institutional  service- 
Assistant  State  Engineer,  chief. 

Engineer  

Engineer's  draftsman _. 

Engineer's  assistant 

Engineer's  assistant 

Road  division*— 
Boad  engineer '. 


Paul  M.  Norboe. May  17,  I«7 


E.  A.  Bailey June    1,  1912 


Frank  G.  White _. 

Harry  H.  Armstrong  (O.  L.) 

J.  B.  Brown  (O.  L.) 

OUiTord  P.  OhUders 

Raymond  Nugent  (O.  L.) i.. 

Frank  E.  Wooldridge  (O.  L.)... 

Thomas  Sweeney  (O.  L.)-- 

Orland  W.  Wallace. 

Harry  Wicks 

Hom  Wo*  — 


July 
*June 
Feb. 
May 
Aug.. 
Sept. 
April 
May 
Dec., 
Nov. 


7,  1916 

»,  1918 

1,  191« 

15,  1«2 
1914 

1.  1909 
90.  1914 

16,  1912 
1917 

2,  1914 


W.  L.  Huber*  '  Occasional 


George  A.  Davis.. 
H.  D.  McGlashan. 


Frank  Adams 


S.  W.  Curtis 

Augustln  J.  Beakey 

Edward  D.  Nickerson... 
R  S.  Laughlln  (O.  L.). 
Fred  W.  Hatch,  Jr 


Harry  H.  Blee  (O.  L.). 


Nov.  21,  1910 
June  10,  1912 
April  18,  1914 
July  2,  1917 
Dec.,         1915 

April  10,  1913 


^Assigned  to  duty  with  State  Reclamation  Board. 

'Appointed  Chief  Engineer,  San  Francisco  Harbor  Commission,  succeeding  Jerome  K.  Newman, 
Jdly  7,  1916. 

Transferred  from  Reclamation  Board. 

'Native  American  of  Chinese  parentage. 

^Occasionally  employed  for  special  occasions. 

•OfDee  transferred  to  highways  July  15,  1917,  after  Captain  Blee  received  his  commission. 

The  foregoing  lists  of  employees  constitute  the  permanent  force 
required  to  conduct  the  ordinary  routine  work  of  the  department,  but 
does  not  include  temporary  appointments  made  in  the  several  divisions 
at  times  when  the  work  accumulates  to  a  degree  that  can  not  be 
expeditiously  disposed  of  by  the  regular  force. 
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STATE  INSTITUTIONS. 


The  state  institutions  for  which  the  services  of  the  Department  of 
Engineering  are . required  under  the  law,  are  as  follows: 

Educational. 

Chico  State  Normal  School. 

Fresno  State  Normal  School. 

Humboldt  State  Normal  School,  Areata. 

Los  Angeles  State  Normal  School. 

San  Diego  State  Normal  School. 

San  Francisco  State  Normal  School. 

San  Jose  State  Normal  School. 

Santa  Barbara  State  Normal  School  of  Manual  Arts  and  Home 

Economics. 
San  Luis  Obispo  State  Polytechnic  School. 

Eleemosynary . 

California  School  for  the  Deaf  and  the  Blind,  Berkeley. 
Industrial  Home  of  Mechanical  Trades  for  Adult  Blind,  Oakland. 
Pacific  Colony,  School  for  Feeble  Minded  (Authorized,  not  com- 
menced). 

State  Hospitals, 

Agnews,  Agnew,  Santa  Clara  County. 
Mendocino,  Ukiah,  Mendocino  County. 
Napa,  Napa,  Napa  County. 
Norwalk,  Norwalk,  Los  Angeles  County. 
Southern  California,  Patton,  San  Bernardino  County. 
Stockton,  Stockton,  San  Joaquin  County. 

Sonoma   State   Home    (for   feeble-minded   children),   Eldridge, 
Sonoma  County. 

runiiive. 

State  Prison,  Represa,  Sacramento  County. 
State  Prison,  San  Quentin,  Marin  County. 
Rcfonnatory. 

Preston  School  of  Industry,  lone,  Amador  County. 
Whittier  State  School,  Whittier,  Los  Angeles  County. 
California  State  School  for  Girls,  Ventura,  Ventura  County. 

Military. 

Veterans'  Home,  Yountville,  Napa  County. 

State  Arsenal  and  Armory,  Sacramento. 

State  Armory,  San  Francisco. 

State  Armory,  Las  Angeles. 

State  Armory,  Stockton. 

State  Armory,  Naval  Militia,  San  Diego. 


Eihibiiion  Pavilion,  interior,  Si*le  ?iii 
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Miscellaneous. 

State  Capitol,  building  and  grounds,  Sa(*rameuto. 

Governor's  Mansion,  Sacramento. 

State  Printing  Office,  Sacramento. 

State  Fair,  buildings  and  grounds,  Sacramento. 

Sixth  District  Agricultural  Fair,  Los  Angeles,  buildings. 

Sutter's  Fort,  buildings  and  grounds,  Sacramento. 

Marshall's  Monument,  building  and  grounds,  Coloma. 

California  Redwood  Park,  buildings  and  grounds,  Santa  Cruz 
County. 

Women's  Relief  Corps,  buildings  and  grounds,  San  Jose. 

Harbor  Front,  wharves,  piers  and  buildings,  San  Francisco. 

Mission  Solano,  Sonoma  County  (restoration). 

Old  Russian  Church,  Fort  Ross  (restoration). 

Monterey  Custom  House  and  Old  Theatre  (restoration). 

State  Fish  and  Game  Commission,  Hatcherias. 

State  Mining  Bureau,  Buildings  at  Taft  and  Coalinga. 

Los  Angeles  Exposition  Building. 

State  Office  Buildings,  Sacramento  (authorized,  not  commenced). 

State  Office  Buildings,  San  Francisco  (authorized  not  com- 
menced). 

Architectural  Service  at  State  Institutions. 

All  work  of  the  department  pertaining  to  state  buildings,  whether 
relating  to  the  preparation  of  plans  and  specifications,  or  erection  and 
installation,  including  mechanical  plants  of  every  kind,  is  executed  by 
the  architectural  bureau  of  the  department,  and  a  review  of  the  work 
accomplished  by  that  bureau  will  be  found  under  the  report  of  the 
State  Architect. 

Engineering  Service  at  State  Institutions. 

Whenever  improvements  are  contemplated  at  an  institution,  whether 
it  be  a  new  building,  or  whether  water  pipes,  sewers,  walks  or  drives 
are  to  be  installed  or  extended,  the  first  thing  needed  is  a  topographic 
map,  showing  the  location  of  existing  buildings  and  all  the  natural  and 
artificial  topographic  features  of  the  grounds.  To  meet  this  demand 
the  department  has  from  time  to  time  executed  surveys  at  several 
institutions  and  constructed  maps  thereof,  so  that  now  the  department 
possesses  such  maps  of  many  of  the  state  institutions  Lack  of  funds, 
however,  has  prevented  the  prosecution  of  these  surveys  for  all  institu- 
tions. The  absence  of  data  furnished  by  such  maps  is  keenly  felt 
whenever  the  architects  are  called  upon  to  design  a  new  building,  as  its 
location  and  surroundings  control  or,  at  least,  suggest  the  type  of 
architectural  appearance  to  be  given  to  the  building.  The  engineers  who 
design  the  heating,  water  supply  and  sewage  are  greatly  aided  in  their 
studies  by  accurate  maps.  The  proper  location  of  roads,  drives  and 
walks,  and  the  arranging  of  scenic  effects  by  the  landscape  artists  are 
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also  better  done  when  access  is  had  to  such  data.  The  department  has 
continued  this  line  of  work  whenever  funds  were  available  and  it  is 
hoped  that  it  .soon  will  be  able  to  make  such  maps  of  all  institutions 
not  yet  surveyed  and  to  bring  those  already  made  up  to  date. 

Agnews  State  Hospital. 

Drainage.  The  question  of  draining  certain  marsh  lands  at  this 
institution  has  been  discussed  and  recommended  in  former  reports  of 
the  department.  By  a  properly  installed  drainage  system  the  produc- 
tiveness of  many  acres  would  be  greatly  increased.  During  this  year 
a  start  was  made  with  a  field  at  the  north  of  the  institution  and  about 
1500  feet  of  open  ditch  constructed.  This  will  carry  off  much  surplus 
surface  water,  but  to  be  fully  effective  should  be  supplemented  with  a 
complete  system  of  lateral  drains,  preferably  tiles. 

Mendocino  State  Hospital. 

Water  Supply.  The  source  of  the  water  supply  for  this  institution  is 
a  creek  in  the  hills  back  of  it.  A  stone  masonry  dam  27  feet  high  was 
constructed  in  the  canyon  several  years  ago,  impounding  about  8,000,000 
gallons  of  water  which  is  conveyed  in  a  pipe  to  the  hospital  some  2J 
miles  away. 

Within  recent  years  this  department  has  renewed  the  pipe  line,  and 
constructed  another  dam  about  half  a  mile  up  the  creek  from  the  old 
one.  This  dam,  63  feet  high,  built  of  concrete,  creates  a  reservoir  hav- 
ing a  capacity  of  about  45,000,000  gallons.  It  was  completed  in  the 
summer  of  1916,  and  the  reservoir  has  been  filled  each  winter  since, 
but  a.s  the  creek  does  not  flow  in  the  summer,  the  storage  of  both  reser- 
voirs is  bareh'  sufficient  for  the  needs  of  the  hospital.  During  the 
summer  just  past,  it  being  an  abnormally  dry  season,  the  creek  ceased 
to  flow  much  earlier  than  usual,  necessitating  a  lengthened  period  of 
draft  upon  the  stored  supply.  The  population  of  the  institution  was 
also  increa.sed  by  the  assignment  of  many  insane  from  the  army  and 
navy.  As  a  consequence  of  the  concurrence  of  circumstances  named, 
the  reservoirs  were  depleted  before  the  rains  came  and  resort  was  had 
to  pumping  from  wells.  A  pipe  line  was  laid  from  a  well  on  the  stock 
farm  some  7000  feet  to  the  hospital  and  the  water  pumped  into  an 
elevated  steel  tank.  By  this  means  and  the  practice  of  economy  of  use 
the  water  supply  was  made  to  suffice. 

The  experience  of  the  past  season  indicates  clearly  that  if  the  demands 
for  water  are  to  be  allowed  to  increa*se,  it  will  be  imperative  to  obtain 
additional  water  at  a  very  early  date. 

Napa  State  Hospital. 

Water  Supply.  The  water  for  domestic  use  and  irrigation  is  obtained 
from  three  sources,  viz,  a  storage  reservoir  in  a  canyon  above  the  institu- 
tion, from  Spencer  Creek  and  from  wells  on  the  grounds.  This  year 
a  fourth  supply  was  added. 
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The  diam  making  the  reservoir,  which  is  called  by  the  people  at  the 
hospital  Lake  Marie,  was  constructed  several  years  ago.  In  1916  it 
ileTeloped  a  leak  which  caused  some  alarm  to  the  hospital  management. 
An  engineer  from  the  department  investigated  it  and  concluded  that  no 
danger  of  failure  impended.  The  water  had  been  drawn  down  four 
feet  below  the  full  flow  line  at  which  point  the  leak  ceased.  It  was 
decided  that  when  the  reservoir  should  again  be  filled  and  the  leak 
started,  exploratory  excavations  would  be  made  to  trace  the  escaping 
water  to  its  origin,  but  unfortunately  there  has  not  been  suflScient  water 
to  fill  it. 

The  suffering  of  the  inmates  from  insuflfieient  water  was  quite  marked 
in  1916,  and  led  this  department  to  recommend  that  steps  be  taken 
at  once  to  secure  an  additional  supply.  The  recommendation  was  met 
by  an  appropriation  of  $75,000  by  the  legislature  in  1917,  for  that 
pnrpose. 

The  state  owns  a  large  tract  of  land  in  Napa  Valley  east  of  Tountville, 
known  as  the  Fry  Ranch.  Rector  Creek,  a  perennial  stream  with  a 
minimum  flow  of  more  than  600,000  gallons  a  day,  runs  through  the 
ranch  and  discharges  into  Napa  River.  Some  years  ago  this  depart- 
ment laid  a  pipe  line  conveying  about  100,000  gallons  a  day  of  this 
water  to  the  Veterans'  Home  at  Yountville. 

This  source  was  selected  for  an  auxiliary  supply  for  the  Napa  State 
Hospital.  A  concrete  diverting  dam  was  constructed  in  the  creek  near 
the  mouth  of  the  rocky  canyon  and  a  pipe  line  laid  to  the  hospital.  The 
pipe  is  a  wire-wound  redwood  stave  pipe  10  and  6  inches  internal 
diameter  and  134  miles  in  length.  It  is  designed  to  resist  heavy  pres- 
sures and  in  places  sustains  a  static  head  of  350  feet.  The  pipe  was 
completed  and  began  delivering  water  to  the  institution  July  7  of  this 
year,  at  the  rate  of  300,000  gallons  a  day. 

The  acquisition  of  this  new  source  of  water  will  provide  an  ample 
supply  to  meet  the  growing  needs  of  the  institution  for  some  years. 

The  Tide  Laiul  Reclamation,  The  reclamation  of  380  acres  of  tide 
lands  along  the  Napa  River,  as  related  in  previous  reports  has  proved 
ver>'  effective  and  has  added  a  large  area  to  the  productive  farming 
lands  of  the  hospital. 

To  further  improve  its  productivity  it  was  recommended  in  the  last 
report  that  drainage  be  provided  for  the  lowest  portions  where  storm 
water  run-off  accumulates.  This  has  now  been  accomplished  by  the 
construction  of  a  system  of  dikes  and  ditches,  and  the  iastallation  of 
automatic  tide-gates  in  the  levees,  supplemented  by  a  small  pumping 
plant  to  pump  out  the  water  accumulating  below  the  influence  of  the 

tide  gates. 

Fry  Ranch.  This  property  was  purchased  by  the  state  some  years 
ago  for  a  specific  purpose,  which  purpose  w-as  later  abandoned.     It  con- 
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tains  several  hundred  acres  of  very  productive  agricultural  land,  a 
portion  of  which  is  planted  to  alfalfa.  It  is  now  being  used  by  the 
Napa  State  Hospital  as  a  farm  for  the  growing  of  produce  for  state 
institutions. 

The  water  supply  for  domestic  use  is  obtained  from  Rector  Canyon 
Creek  which  traverses  the  property  as  described  in  the  above  discussion 
of  additional  water  for  the  Hospital. 

In  conjunction  with  the  work  of  constructing  a  pipe  line  from  Rector 
Canyon  to  Napa  State  Hospital,  the  supply  of  domestic  water  to  the 
Fry  Ranch  buildings  was  improved  by  constructing  a  6-inch  wood  pipe 
about  a  mile  long  connecting  the  hospital  pipe  and  the  buildings  of  the 
ranch.  The  pressure  at  the  fire  mains  is  130  pounds.  It  has  already 
proved  it*s  worth  in  saving  the  buildings  from  fire  this  past  summer, 

A  plant  operating  a  4-inch  centrifugal  pump  was  installed  this  year 
to  pump  water  from  Napa  River  to  irrigate  alfalfa  in  a  field  contiguous 
to  the  stream. 

Sonoma  State  Home. 

Water  Supply.  The  water  for  domestic  use  at  this  institution  is 
obtained  from  several  springs  in  the  wooded  ravines  of  the  hiUs  in  the 
western  portion  of  the  estate.  The  water,  which  is  of  most  excellent 
quality,  is  conveyed  in  iron  pipes  to  two  concrete  tanks  of  about 
1,000,000  gallons  capacity  each,  situated  on  a  hill  about  150  feet  in 
elevation  above  the  grounds  of  the  home.  From  these  tanks  it  is  dis- 
tributed to  the  buildings  and  grounds.  One  of  these  tanks  developed 
serious  leaks,  which  were  attributed  to  earthquake  shocks,  and  for  some 
years  has  not  been  used. 

For  many  years  the  springs  furnished  sufficient  water  for  domestic 
purposes  and  also  for  irrigating  the  lawns,  but  with  an  increase  in 
population  the  supply  became  inadequate. 

In  1910  the  department  constructed  an  earthen  dam  across  the  lower 
end  of  a  small  valley  in  the  hills  about  a  mile  back  of  the  home,  creating 
a  reservoir  with  a  capacity  of  about  seventy-five  acre-feet.  The  reser- 
voir is  called  Fern  Lake.  A  pij)e  line  to  the  institution  enables  this 
water  to  be  used  for  irrigation  about  the  grounds,  to  supply  fire 
hydrants,  and  also  furnishes  water  for  fiushing  purposes  in  some  of  the 
buildings.  The  quality  of  the  water,  however,  renders  it  unfit  for 
domestic  use,  and  it  is  excluded  from  the  domestic  pipes. 

A  gas  engine  in  the  creek  which  traverses  the  estate  pumps  water 
through  a  pipe  line  to  the  dairy  farm,  where  it  is  used  for  irrigating 
garden  truck.  Another  pump  in  the  creek  bottom  forces  water  to  a 
small  earthen  reservoir  on  the  hill  above  the  buildings  where  it  is 
admitted  to  the  irrigation  and  fire  mains  on  the  Fern  Lake  system. 


STATE  INSTITUTIONS.  21 

• 

For  a  long  time  the  domestic  supply  has  not  fully  met  the  require- 
ments of  the  institution  in  the  summer  months  when  the  flow  frbm  the 
springs  reaches  its  minimum  and  many  attempts  have  been  made  to 
increase  the  flow  by  tunnels  and  cross-cuts,  but  without  success.  Tlie 
department  made  careful  investigation  of  the  geologic  formations  and 
came  to  the  conclusion  that  no  material  additional  water  supply  could 
be  developed  from  underground  sources.  This  conclusion  was  verified 
two  years  ago  when  attempts  were  made  to  obtain  water  by  deep  wells 
bored  at  different  points  on  the  estate. 

During  the  past  summer  engineers  of  the  department  have  made 
reconnaisances  of  the  mountains  surrounding  Sonoma  Valley,  and  have 
found  at  least  one  site  where  it  is  believed  a  reservoir  can  be  constructed 
which  will  store  sufficient  water  to  supply  the  Home  with  an  abundance 
for  all  its  purposes.  The  development  of  this  supply  will  require  the 
acquisition  of  the  reservoir  site  and  of  rights  of  way,  together  with  the 
construction  of  a  pipe  line  several  miles  in  length.  Studies  are  being 
made  to  determine  the  flow  of  the  stream  for  a  basis  of  estimates  of  cost 
for  the  works  necessary  to  utilize  this  apparent  source. 

When  Pern  Lake,  above  mentioned,  was  created,  the  dam  which  is 
eartfaflU  with  a  clay  and  gravel  puddle  core,  was  designed  so  as  to  be 
enlarged.  It  was  constructed  to  hold  15  feet  in  depth  of  water,  and 
later  was  raised  five  feet.  During  the  current  bienniura  the  dam  was 
again  raised  five  feet  making  the  available  depth  25  feet  and  the  storage 
capacity  about  114  acre-feet  of  water.  The  reservoir  has  a  very  small 
drainage  tributary  to  it,  and  water  to  be  stored  must  be  brought  from 
ravines  north  and  south  of  it.  It  is  not  expected  that  these  small 
streams  will  afford  the  lake's  full  capacity  every  year,  but  will  do  so 
most  years. 

The  pump  above  mentioned  as  being  used  to  i)ump  water  from  Sonoma 
Creek  into  the  Fern  Lake  Irrigation  System  was  removed,  and  a  4-stage, 
3-inch  centrifugal  pump  driven  by  an  electric  motor  was  installed  in 
its  stead  and  which  it  is  hoped  will  give  much  more  effective  service. 
Even  with  these  adidtions  to  the  water  service,  the  supply  is  no  more 
than  sufficient  to  meet  the  present  actual  needs  of  the  Homo.  It  is 
imperative  that  other  supplies  be  provided  in  the  near  future,  and  if 
plans  now  under  consideration  for  the  material  enlargement  of  the 
institution  be  likely  to  materialize  immediate  stops  should  be  taken  to 
acquire  a  water  supply  to  meet  its  demands. 

A  minor  improvement  effected  in  the  last  year  was  the  repair  of  the 
leaky  concrete  distributing  tank  above  mentioned.  This  does  not  add 
to  the  water  supply  but  improves  the  means  of  distribution. 
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Preston  School  of  Industry. 

WiMer  Supply.  This  iii8titutiou  located  at  lone,  Amador  Count}', 
like  nearly  all  other  state  institutions,  finds  its  water  supply  inadequate 
to  meet  its  constantly  increasing  needs. 

The  main  supply  is  derived  from  an  old  water  right,  originally  per- 
taining to  mines,  which  was  acquired  when  the  school  was  first  estab- 
lished. The  water  is  diverted  from  Sutter  Creek  and  conveyed  in  an 
old  miners'  ditch  several  miles  to  an  artificial  reservoir  made  by  an 
earthen  dam  in  a  ravine.  The  water  is  heavily  loaded  with,  pulverized 
rock  from  the  tailings  of  several  quartz  mills.  The  principal  office  of 
this  reserv'oir  is  that  of  a  settling  basin  in  which  a  large  part  of  the  silt 
is  deposited.  Whatever  storage  capacity  the  reservoir  originally  had  is 
largely  reduced  by  the  deposit  named. 

Prom  the  settling  basin  the  water  is  conveyed  in  an  open  ditch  to  a 
small  reservoir  in  the  head  of  a  ravine  about  a  mile  from  the  school  and 
several  hundred  feet  higher  in  elevation.  The  dam  here  is  also  of  earth. 
The  reservoir  is  small,  its  principal  function  being  to  regulate  the  flow 
of  water  which  is  conveyed  in  a  riveted  iron  pipe  to  the  school  where  it 
is  distributed  for  use,  part  being  used  for  irrigation  of  the  grounds,  and 
for  fire  protection,  while  a  portion  operates  an  electric  power  plant. 

A  few  years  ago  the  school  management  secured  a  small  quantity  of 
water  from  a  ditcli  which  supplies  the  town  of  lone.  This  water  is 
conveyed  some  six  miles  in  a  4-inch  screwed  pipe  and  delivers  the  water 
into  a  tank  in  the  tower  of  the  administration  building.  When  the  pipe 
was  laid,  the  funds  were  not  sufficient  to  properly  equip  it  with  blow- 
off  valves,  and  as  the  water  carries  considerable  fine  silt,  the  latter 
accumulated  in  the  depressions,  greatly  reducing  the  capacity  of  the 
pipe. 

During  the  past  season  the  Department  of  Engineering  was  called 
upon  to  investigate  the  feasibility  of  increasing  the  school's  water  sup- 
ply. It  was  found  that  the  old  ditch  from  the  settling  basin  is  in  need 
of  repairs.  Several  wooden  flumes  along  the  line  are  badly  decayed 
and  leaky,  thus  losing  a  considerable  part  of  the  water. 

It  is  reconmsiended  that  the  ditch  be  repaired  and  the  dam  of  the 
settling  reservoir  be  raised  six  feet.  Surveys  have  been  made  and  plans 
and  estimates  will  soon  be  submitted. 

The  domestic  supply  pipe  has  been  fitted  with  blow-oflf  valves,  and 
the  silt  blown  out,  materially  increasing  the  supply  from  that  source. 
It  is  expected  that  when  the  suggested  improvements  are  made  in  the 
ditch  and  reservoir  the  situation  will  be  greatly  relieved. 


,    Agnew   Slate   Hoipiial. 
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State  Fair  Grounds. 

Extension  of  Water  System.  The  water  pipes  throughout  the  infield 
were  rearranged  and  a  system  of  sprinkling  hydrants  installed  to  irrigate 
the  alfalfa  with  which  the  infield  is  planted. 

Extension  of  Sewer  System.  Prior  to  the  issuance  of  the  last  report 
the  sewer  system  had  been  rearranged  and  connected  with  the  city's 
sewers.  Last  summer  some  new  connections  were  necessary  to  be  made 
for  the  new  exposition  building,  as  well  as  the  temporarj^  structures 
erected  for  the  State  Pair,  held  in  August  of  this  year. 


Sute  School. 

Water  Supply.  The  water  for  this  institution  is  obtained  from  the 
Whittier  Water  Company  for  domestic  and  fire  uses,  and  from  the 
Rineon  Ditch  Company  for  irrigation. 

A  controversy  arose  between  the  school  and  certain  farmers  along  the 
ditch  above  where  the  state  tapped  it,  as  to  the  use  of  the  water.  The 
department  succeeded  in  making  an  amicable  arrangement  between  the 
parties  which  it  is  believed  will  obviate  any  further  friction. 

Marshall's  Monument. 

Water  Supply.  The  erection  of  a  new  lodge  for  the  custodian  by  the 
department  necessitated  improvement  of  the  water  supply.  This  was 
eflfected  by  laying  about  8200  feet  of  1^-inch  pipe  from  some  springs  at 
a  higher  elevation  than  the  hoase.  A  steel  tank  on  a  wooden  tower  60 
feet  high  was  built,  to  which  the  water  is  conveyed  and  thence  dis- 
tributed to  the  lodge  and  throughout  the  grounds. 

Sewers.  A  sewer  was  laid  from  th<»  lodge,  carrying  the  wastes  to  a 
point  clear  of  the  grounds. 

San  Quentin  State  Prison. 

Water  Supply,  The  water  for  domestic  use  at  this  institution  is  pur- 
cliased  from  the  water  company.  The  quantity  available  from  this 
source  and  the  price  paid  for  it,  amounting  to  $1,500  a  month,  precludes 
its  use  for  either  fire  protection  or  irrigation. 

For  fire  purposes  sea  water  is  pumped  into  a  tank  on  a  hill  above  the 
buildingSy  while  a  small  quantity  for  irrigating  garden  truck  is  obtained 
from  wells. 

A  larger  supply  for  both  domestic  and  irrigation  is  greatly  needed, 
and  last  year  attempts  were  made  to  develop  from  wells,  but  withotit 
success. 

Following  this  failure  the  department  made  investigations  of  the 
possibility  of  obtaining  a  supply  adequate  for  the  needs  of  the 
institution. 
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A  reconnaissance  discovered  a  reservoir  site  where  a  dam  of  moderate 
dimensions  will  store  an  abundance  of  water  for  all  purposes  of  the 
prison.     A  pipe  line  about  7  miles  in  length  would  be  required. 

Sewerage  at  State  Instiiuti<yi\s,  Several  of  the  institutions  have 
sewage  disposal  works  of  more  or  less  elaborate  design.  The  prevailing 
type  is  the  hydrolitic  tank  with  the  effluent  disposed  of  in  irrigation, 
or  discharged  into  nearby  streams.  This  method  is  generally  satis- 
factory and  where  complaints  have  arisen,  it  has  been  due  to  neglect  in 
controlling  the  inflow  so  as  to  give  it  the  correct  time  for  hydrolitic 
action  or  in  not  cleaning  out  the  sludge  at  proper  intervals. 

These  conditions  are  brought  about  largely  by  reason  of  the  inability 
of  those  in  charge  to  understand  the  technic  of  the  processes  employed 
in  reducing  sewage  wastes  to  an  inoffensive  state. 

It  is  hoped  that  sometime  a  system  of  frequent  inspections  may  be 
employed  whereby  the  plants  can  be  kept  in  efficient  operation. 


REPORT    OF    THE    BUREAU    OF    ARCHITECTURE    COVERING 
OPERATIONS  FROM  NOVEMBER  1,  1916»  TO  OCTOBER  1,  191& 

The  Bureau  of  Architecture  of  the  Department  of  Engineering  has 
charge  of  all  work  of  the  Department  of  Engineering  at  forty-eight 
different  state  institutions  and  enterprises. 

During  the  biennial  period  just  ended,  114  different  pieces  of  work 
have  been  completed ;  50  additional  pieces  of  work  are  now  under  con- 
struction and  16  more  are  being  delayed  on  account  of  war  conditions. 
Practically  nothing  has  been  done  in  connection  with  five  of  these  16, 
and  these  five,  for  which  $1,050,000  is  available,  will  be  entirely  omitted 
from  the  figures  given  in  this  report,  which,  therefore,  will  deal  with 
a  total  of  175  different  projects. 

Of  the  164  projects,  construction  of  which  is  either  completed  or 
under  way,  43  were  contracted  for  and  121  are  being  constructed  by 
day's  labor.  In  the  case  of  day's  labor  work,  the  bureau  acts  as  con- 
tractor as  well  as  architect,  thus  increasing  office  and  inspection  costs, 
but  decreasing  ultimate  total  cost  of  the  project  by  eliminating  con- 
tractor's profit.  In  connection  with  the  remaining  eleven  of  the  total 
of  175  projects,  office  work  has  been  completed,  ready  for  actual  con- 
struction to  start. 

Of  the  175  projects,  each  one  of  ten  covers  innumerable  small  jobs 
which  are  classed  under  the  head  of  ** Repairs  and  Improvements'*  at 
ten  of  the  larger  institutions;  124  are  projects  of  a  value  less  than 
$10,000  each ;  22  are  projects  of  a  value  between  $10,000  and  $20,000 
each;  15  are  projects  of  a  value  between  $20,000  and  $50,000  each; 
and  four  are  projects  of  a  value  in  excess  of  $50,000  each. 
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These  figures  indicate  that  more  than  75  per  cent  of  the  projects 
handled  were  of  a  value  less  than  $10,000  each  and  most  of  these  very 
much  less  than  $10,000  each.  This  condition  has  made  the  architectural 
work  involved  much  more  expensive  than  it  would  have  been  otherwise. 

The  total  expenditure  for  these  175  different  pieces  of  work  is 
$2,072,460.  The  oflSce  work  in  the  bureau  in  connection  with  these 
175  projects  is  costing  $132,550,  or  6^  per  cent  of  their  value.  The  cost 
of  inspection  is  the  expense  involved  in  maintaining  an  inspector  on  the 
work  during  the  entire  time  of  construction  and  is  the  same  as  in 
private  practice. 

The  6i  per  cent  cost  for  office  work  mentioned  above  covers  both 
contract  and  day's  labor  work.  In  private  practice,  6  per  cent  is  paid 
for  architectural  service  in  connection  with  contract  work  costing 
more  than  $10,000  and  10  per  cent  if  the  cost  is  below  $10,000;  10  per 
cent  additional  is  paid  when  the  day 's  labor  method  is  used ;  therefore, 
in  connection  with  the  175  projects,  under  consideration  in  this  report, 
the  architectural  service  in  private  practice  would  have  cost  $217,000, 
or  lOJ  per  cent  of  the  total  value  of  the  work,  instead  of  the  $132,550 
or  6J  per  cent  which  it  has  cost  in  the  bureau. 

In  addition  to  the  work  involved  in  the  175  projects  above  mentioned, 
a  large  amount  of  sketching  has  been  done  and  consultation  conducted 
covering  projects  not  yet  actually  undertaken ;  this  sketching  and  con- 
sulting will  always  be  necessary  as  a  basis  for  deciding  upon  future 
work.  Our  statutory  men  also  spend  a  large  amount  of  time  giving 
required  advice  and  counsel  regarding  technical  matters  to  the  various 
institution  managements  and  state  boards  and  departments. 

In  addition  to  the  above,  the  bureau  during  the  last  two  years  has 
conducted  two  competitions  for  the  selection  of  architects  outside  the 
bureau.  The  first  was  in  connection  with  the  San  Francisco  State 
Building  which  is  to  be  constructed  on  the  Civic  Center  in  San  Fran- 
cisco, and  the  second  for  the  Library  and  Courts  Building  and  the 
Office  Building  which  are  to  be  constructed  at  Sacramento.  Both  of 
these  competitions  were  entirely  successful.  Following  the  competition 
for  the  San  Francisco  State  Building,  the  architects,  Bliss  and  Faville 
of  San  Francisco,  have  completed  the  working  drawings  and  specifica- 
tions, and  the  bureau  had  done  the  mechanical  and  structural  work 
covering  working  drawings  and  specifications,  for  the  building,  in 
accordance  with  the  terms  of  the  contract  between  the  department  and 
Bliss  and  Faville.  The  cost  of  this  work  by  the  bureau  is  included  in 
the  above  total  of  $132,550,  although  this  project  is  not  included  in  the 
175  herein  reported  upon.  The  taking  of  bids  and  construction  of  this 
building  are  being  delayed  until  conditions  return  to  normal,  so  as  to 
make  it  possible  to  construct  the  building  within  the  money  available. 
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Messrs.  Weeks  and  Day,  architects  of  San  Francisco,  have  been 
selected  in  connection  with  the  Sacramento  buildings,  and  work  is  being 
delayed  until  conditions  become  normal. 

The  reproductions  of  photographs  which  accompany  this  report  have 
been  selected  as  being  typical  of  nearly  all  of  the  various  kinds  of 
buildings  which  the  bureau  is  constructing  for  the  state. 

Following  is  a  report  as  of  date  October  1,  1918,  giving  a  summary 
showing  progress  made  fourteen  months  after  the  appropriations  be- 
came available: 


REPORT  INDICATING  STATUS  OF  WORK  HANDLED  BY  THE  ARCHITECTURAL 
BUREAU  OF  THE  STATE  DEPARTMENT  OF  ENGINEERING  SINCE  THE 
LEGISLATURE  OF  1917. 

October  1,  1918. 

Summary  Shotciny  Progress  Fourteen  Months  After  Apitropriutions  Became  Available, 

1.  Number  of  items  entirely  or  practically  completed ^ 

2.  Number  of  items  on  which  office  work  is  completed  and  construction  and^r 

way  41 

3.  Number  of  items  on  which  office  work  is  completed  but  construction  not  yet 

started 5 

4.  Number  of  items  on  which  preliminary',  work  is  completed  and  working  draw- 

ings under  way 1 

5.  Number  of  items  on  which  ])ixiliminary  work  is  completed  and  working  draw- 

ings not  yet  started 3 

6.  Number  of  items  on  whidi  preliminary  work  is  under  way 3 

♦7.  Number  of  items  on  which  nothing  has  been  done 6 

8.  Number  of  items  which  have  been  abandoned 10 

•Six  of  th€sse  are  being  delayed  liy  riix'iimstances  over  which  this  department  has 
no  control. 


:  itmlte  Bulldlni.  Whiltlcr  Stitc  SchooL 
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PART  11. 


HYDROECONOMICS. 

Every  body  of  water  has  its  uses,  and  often  one  body  may  have 
several  uses,  all  contributing  to  the  welfare  of  man.  Broad  arms  of 
the  sea,  stretching  inland,  offer  easy  highways  for  cheap  oommunication 
and  transportation  for  the  communities  along  their  shores.  Broad  rivers 
afford  like  facilities  for  commerce,  and  also  furnish  water  for  irrigation 
of  the  lands  along  their  banks  to  produce  that  commerce.  Tributary 
streams  contribute  power  for  lighting  the  streets  and  homes  of  eom- 
munities  created  by  the  benign  influences  of  the  others,  as  well  as 
operating  the  myriad  wheels  of  industry.  And  all  unite,  in  the  mad 
moods  of  nature,  to  send  destruction  and  ruin  upon  the  works  of  their 
beneficence. 

Each  body  or  stream  has  problems  of  its  own  to  be  solved  that  its 
forces  may  be  directed  to  beneficial  use,  some  akin  and  some  dissimilar 
in  the  methods  of  their  solution. 

SACRAMENTO  RIVER  PROBLEMS. 

That  in  the  Sacramento  Valley  lie  a  million  acres  of  land  periodically 
laid  waste  by  the  flood  waters  of  the  Sacramento  River  is  too  well 
known  to  need  extended  mention  heiT.  That  concrete  effort  is  being 
made  to  rescue  that  vast  body  of  land  from  waste  and  convert  it  into 
an  asset  to  the  state  is  also  known  and  the  methods  by  which  reclamation 
is  to  be  effected  have  been  so  fully  set  forth  in  previous  reports  of  this 
department  that  no  details  of  the  plans  need  to  be  extended  at  this  time. 

Sufiice  it  to  say  that  the  plans  for  the  ultimate  protection  of  the 
lands  subject  to  overflow  in  the  Sacramento  Valley  and  the  adjacent 
deltas  of  Mokelnmne  and  San  Joaquin  rivers  were  formulated  by  gov- 
ernment engineers  acting  under  the  directions  of  the  Caminetti  Act, 
passed  in  1893. 

After  forty-four  years  of  agitation  and  of  abortive  effort  at  indi- 
vidual unit  reclamation,  the  United  States  Debris  Commission  was 
created  to  regulate  hydraulic  mining  so  that  no  further  mining  debris 
should  reach  the  navigable  rivers,  and  to  formulate  plans  for  the 
improvement  of  the  streams. 

At  the  end  of  seventeen  years  devoted  to  surveys,  research  and  studies, 
the  commission  reported  a  plan  for  the  improvement  of  navigation, 
control  of  floods  and  reclamation  of  lands. 

The  report,  which  was  presented  in  1911,  and  published  as  House 
Document  No.  81,  Sixty-second  Congress,  first  session,  recommended 
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that  the  eo>t  of  the  work  be  borne  jointly  by  the  United  States,  the  state 
of  Cabfomia  and  the  landowners  who  would  be  direct  bmefieiaries  of 
complete  reclamation  and  protection. 

By  an  act  of  the  California  legislature,  approved  Deconber  24, 1911/ 
the  report  of  the  Debris  Commission  was  approved  with  sach  modifica- 
tions and  amendments  as  might  be  found  advisable,  and  there  was 
created  a  body  known  as  the  State  Reclamation  Board,  to  administer 
the  matter  in  behalf  of  the  state.  The  plan  submitted  is,  in  brief,  as 
follows : 

(a)  To  construct  strong  levees  on  each  bank  of  the  river  so  as 
to  make  the  channel  carry  as  much  water  as  possible  with  safety. 

(b)  To  construct  weirs  at  selected  points  through  which  to  dis- 
chaise  excess  waters  under  control. 

(c)  To  construct  artificial  channels  through  the  basins  of  ample 
size  to  convey  the  excess  waters  turned  into  them  through  the  weirs. 
These  by-passes  to  return  their  waters  to  the  main  river  about 
15  miles  above  the  mouth  of  the  latter  at  Suisun  Bay. 

(d)  To  enlarge  the  lower  15  miles  of  the  river  channel  so  it  will 
safely  carry  the  united  waters  of  the  river  and  the  by-passes. 

The  total  cost  of  the  project  as  proposed  was  estimated  at  $33,800,000. 

A  preliminary  report  had  been  submitted  in  1907,  showing  the  need 
of  enlarging  the  mouth  of  the  Sacramento  River  as  a  first  step  in  any 
comprehensive  scheme  and  estimating  the  initial  cost  to  be  $800,000, 
recommending  an  equal  division  of  expense  between  the  United  States 
and  the  state.  The  legislature  promptly  accepted  the  recommendation 
and  appropriated  funds  to  cover  the  state's  share. 

The  law  creating  the  Reclamation  Board  provided  that  no  levees 
should  be  constructed  by  private  parties  unless  they  conformed  to  the 
plan  and  were  approved  by  the  board. 

The  adoption  of  a  settled  policy  for  flood  control  and  reclamation 
stimulated  individual  effort  to  such  a  degree  that  much  of  the  public 
work  proposed  by  the  plan  was  effected  by  private  enterprise,  and  a 
recasting  of  estimates  by  the  Debris  Commission,  submitted  early  in 
1913,  showed  a  reduction  in  the  probable  cost  to  the  governments  from 
$22,000,000  to  $11,200,000,=  as  the  joint  cost  to  the  public. 

This  last  estimate  did  not  include  the  $800,000  already  provided  by 
the  Congress  and  legislature  for  channel  enlargement.  The  commission 
recommended  that  one-half  of  the  estimated  cost  be  paid  by  the  United 
States  and  the  other  half  by  the  state.  This  proposition  was  formally 
approved  by  the  adoption  by  Congress  of  the  Flood  Control  Act  of 
March  1, 1917,  and  by  the  state  legislature,  as  above  set  forth. 


■Chapter  26,  Statutes,  extra  oestlon,  1911. 

*River  and  Harbor  Com.  Doc.  No.  6,  68d  Cong,  lat  Sess. 
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"Two -large  miction  dredges^  the  Sacramento  and  San  Joaquin,  wete 
bnilt  and  began  the  task  of  enlarging  the  mouth  of  the  Sacramento 
in  the  summer  of  1913.  That  work  has  steadily  progressed  ever  since 
eioepting  for  a  short  time  during  the  last  year,  when  the  dredges  were 
temporarily  withdrawn  and  employed  in  dredging  to  expedite  war  work 
at  Oakland  and  Mare  Island,  upon  completion  of  which  they  were 
returned  to  the  river  work. 

The  original  estimate  of  earth  to  be  moved  in  enlarging  the  channel 
below  Cache  Slough,  as  published  in  the  report'  was  148J  million  cobie 
yards,  of  which  four  million  and  eighty-three  thousand  cubic  yards 
would  be  used  in  levees.  It  has  been  quite  a  problem  to  find  dumping 
ground  for  this  vast  volume  of  material,  which,  if  spread  evenly  over 
the  ground,  would  cover  3000  acres  about  30  feet  deep.  Much  of  the 
land  which  is  required  for  the  purpose  is  extremely  fertile  peat  soil, 
and  to  cover  it  30  feet  deep,  or  any  depth,  for  that  matter,  with  dredg- 
ings,  means  destruction  of  its  productiveness  for  several  years.  Fortu- 
nately, though,  a  very  large  portion  of  the  spoil  can  be  disposed  of  by 
filling  the  old  channels,  like  the  one  around  Horseshoe  Bend,  and  others 
outside  the  lines  of  improvement  and  which  will  be  abandoned  as  water- 
carriers  when  the  enlarged  cut  is  completed.  Also  along  the  west  side 
of  the  river  a  system  of  hills  rises  which  has  many  undulations,  extend- 
ing back  from  the  water's  edge,  which  can  be  utilized  for  filling  up  to 
the  35-foot  contour. 

The  state  has  acquired  title  to,  or  easements  upon,  nearly  all  of  the 
lands  to  be  required  for  the  purposes  of  this  part  of  the  project. 

In  acquiring  easements  for  the  deposit  of  dredged  material  on  lands 
in  Sherman  Island,  the  state  agreed  to  protect  adjoining  lands  from 
injury.  A  drainage  ditch  serving  a  large  body  contiguous  to  a  spoil 
field  became  partly  filled  from  mud  escaping  into  it,  and  the  Department 
of  Engineering  had  it  cleaned,  at  a  cost  of  $2410. 

The  state  has  also  expended  $12,400  in  constructing  a  levee  to  hold 
back  spoil  deposits. 

The  prosecution  of  work  on  the  ** upper  project,''  that  is,  the 
construction  of  levees  forming  by-passes  by  private  interests,  and  of 
structures  accessory  thereto,  has  been  going  on,  though  on  a  much 
reduced  scale,  owing  to  restrictions  imposed  by  war  conditions. 

One  of  the  most  notable  achievements  in  this  field  has  been  the 
completion  of  the  Bryte  Weir,  which  is  intended  to  divert  surplus 
waters  fjpom  Sacramento  River  into  the  Yolo  By-pass  about  four  miles 
above  the  city  of  Sacramento. 

In  view  of  the  fact  that  the  river  below  the  confluence  of  Feather 
River  is  calculated  to  carry  50,000  second-feet  of  water,  to  which  the 

'H.  Doc.  81,  62d  Congr.  Ist  Seaa. 
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American  River  entering  above  the  city  may  contribute  125,000  second- 
feet,  and  that  the  capacity  of  the  improved  channel  at  and  below  the 
city  is  only  a  little  more  than  100,000  second-feet,  the  completion  of 
the  weir  and  its  successful  operation  was  a  consummation  imperatively 
necessary'  for  the  welfare  of  the  Capital  City,  should  floods  recur  such 
as  have  been  experienced  within  the  recent  past. 

Anticipating  that  a  full  report  will  be  published  by  the  Reclamation 
Board,  under  whose  direction  the  work  is  being  conducted,  further 
discussion  of  the  subject  is  left  to  that  document. 

HYDROGRAPHIC  WORK. 

All  matters  of  drainage,  improving  and  rectifying  river  channels 
and  other  work  on  any  river  or  slough  connecting  with  San  Francisco 
Bay,  San  Pablo  Bay,  and  Suisun  Bay,  and  the  tide  waters  flowing  in 
said  bays,  or  streams  elsewhere  in  the  state,  wherein  state  moneys  are 
expended,  are  placed  under  the  management  of  the  Department  of 
Engineering.  The  duties  so  prescribed  by  law  include  imiproving  the 
navigability  of  such  waters,  acquiring  rights  of  way  for  improvements; 
purchase,  construction  and  operation  of  dredges  and  other  equipment 
required  for  such  work;  making  surveys,  investigations  and  reports 
upon  the  feasibility  of  canalizing  the  rivers  and  constructing  navigable 
canals;  surveys,  investigations  and  plans  for  flood  control  upon  any 
stream,  the  flood  waters  of  which  may  injure  or  menace  lands  in  Cali- 
fornia, including  the  examination  and  supervision  of  dams,  and  inves- 
tigation of  rainfall,  snowfall  and  run-off  affecting  or  tending  to  affect 
navigation  or  flood  control  upon  any  of  the  streams  of  the  state. 

Owing  to  the  loss  of  personnel,  the  scarcity  and  abnormally  high 
price  of  material  and  other  limitations  due  to  war  conditions,  the 
activities  of  the  department  in  these  matters  for  the  last  two  years  has 
been  confined  to  a  rigidly  enforced  minimum. 

River  Work. 

Owing  to  the  fact  that  the  climate  of  the  Great  Valley  is  passing 
through  a  **dry*'  cycle,  no  great  floods  have  occurred  in  either  stream 
system  for  several  years.  Not  since  1911  has  the  San  Joaquin  expe- 
rienced a  flood,  and  1909  was  the  last  high  water  in  the  Sacramento 
which  reached  dangerous  conditions. 

As  a  consequence  of  several  years  immunity  from  floods,  there  have 
been  no  crevasses  formed  requiring  closures  or  extensive  protection 
works. 

Long-continued  low  plane  of  the  water  surface,  however,  is  c<Miducive 
to  active  caving  of  the  alluvial  banks,  and  in  places  this  has  occurred 
to  the  great  loss  of  good  land  and  destruction  of  levees,  creating  condi- 
tions where  serious  breaches  would  likely  occur  at  the  next  flood.     The 
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department  has  kept  close  watch  of  such  conditions,  and  wherever  danc^ 
threatened  has  applied  remedial  measnres. 

The  principal  work  of  the  river  improvement  division  since  the  last 
report  has  been  to  repair  and  maintain  revetment  previously  laid  and 
to  place  new  revetment  where  conditions  demanded. 

Wherever  the  placing  of  protective  works  will  inure  to  the  direct 
benefit  of  adjacent  lands  because  of  increased  security  against  flood 
damage,  the  owners  are  required  to  contribute  a  portion  of  the  cost, 
in  proportion  to  the  benefits  so  received. 

The  work  executed  by  tlie  river  division  during  the  two  years  past 
has  consisted  principally  of  completing  work  that  was  in  progress  at 
the  time  of  the  last  report;  of  repairing  and  extending  work  previously 
executed.  Only  one  extensive  and  one  or  two  minor  jobs  of  new  work 
were  undertaken.     The  work  is  summarized  as  follows: 

Satk  Joaquin  River. 

Lorenzen  Bend,  repairs  and  extensions $2,287  78 

Paradise  Bend,  repairs  and  extensions 1,431  40 

New  Banta  Reclamation  District,  repairs  and  extensions 1,979  24 

Heclamation  District  No.  17,  repairs  and  extensions $1,080  17 

Reclamation  District  No.  17,  new  mattress 2,286  97 

3,367  14 

Heclamation  District  No.  544,  repairs  and  extensions 1,526  76 

Sacramento  River. 

Three-mile  Slough,  pile  bulkhead,  repairs 786  03 

Edinger  Farm,  near  Hood,  new  pile  bulkheads 8,959  06 

(State,  Sacramento  County  and  Mr.  Edinger,  each  one-third.) 
Meridian,  bnwh  mat  repairs  and  extension 307  81 

Mad  River. 
Brush  bulkheads,  repairs  and  extensions 1,937  29 

Note. — In   all   of  above   work,   excepting  at   Edinger  Farm,   adjoining  property 
owners  contributed  one-half  of  the  cost. 

^fok€lumne  River. 

Terminus  Landing.  The  levees  protecting  Reclamation  District  No.  548  along 
South  Fork  of  Mokelumne  River  and  Potato  Sloqgh  are  exposed  to  severe 
action  from  a  long  fetch  up  the  river  as  well  as  across  submerged  Bouldin 
Island.  They  were  becoming  badly  disintegrated  and  in  danger  of  destruc- 
tion from  floods  of  the  river. 

A  breach  would  cause  flood  waters  to  carry  sand  into  the  channels  of  Potato 
and  Connection  sloughs  to  the  injury  of  navigation  thereon,  both  of  which 
streams  are  important  highways  for  the  transportation  of  produce  from 
adjacent  territory  to  market. 

A  new  type  of  revetment  was  introduced  hei't;,  consisting  of  sheet  concrete 
covering  the  f«Iope  of  the  embankment  and  rising  in  a  parapet  at  the  top, 
and  protected  at  the  bottom  by  a  vertical  toe  wall,  12  inches  deep.  The 
parapet  rises  vertically  19  inches  with  a  curved  face  toward  the  water.  It 
serves  admirably  to  turn  back  the  waves  running  up  the  slope  and  prevents 
any  water  being  driven  over  the  levee. 

The  length  of  this  work  was  3,310  feet,  width  on  2  to  1  slope,  including  toe 
wall  and  parapet  is  18  feet  10  inches  and  thickness  3  inches.  Triangle 
wire  mesh  reinforcement  was  used  throughout.  Expansion  joints  were 
placed  every  20  feet.  The  cost  of  the  work,  including  grading  the  slope, 
was  $4.1357  per  lineal  foot,  or  $0.2196  per  square  foot  in  place,  or  a  total 
cost  of  $13^689.41,  which  was  borne  equally  by  the  state  and  district. 
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Flow  measurements. 

Since  this  department  is  charged  with  the  duty  of  caring  for  navi- 
gation interests  on  the  streams  and  also  is  required  to  foster  irrigation 
enterprises,  it  is  conceived  to  be  quite  necessary  to  secure  data  which 
will  show  how  far  the  navigability  of  the  river  may  be  affected  by 
withdrawals  of  water  for  irrigation  purposes. 

The  rapid  extension  of  rice  culture  in  the  Sacramento  Valley  is 
resulting  in  the  diversion  of  water  from  the  river  in  a  constantly 
increasing  volume. 

Investigations  to  ascertain  the  quantity  abstracted  and  its  effect  upon 
the  river  flow  were  commenced  in  the  summer  of  1917,  and  resinned 
in  the  season  just  past.  All  diversions  are  made  by  pumping  directly 
from  the  river,  the  water  being  discharged  into  and  carried  to  the 
lands  by  pipes  or  open  ditches.  A  catalog  of  all  pumping  plants  was 
made,  containing  considerable  detailed  information  as  to  size,  capacity, 
type  of  pump,  and  how  operated.  A  table  giving  this  information  is 
inserted  herewith. 

It  was  endeavored  to  make  the  list  complete  and  it  is  believed  that 
no  important  divei*sion  has  been  omitted,  but  it  was  not  possible  to 
make  graphic  records  of  the  quantity  of  water  taken,  and  that  infor- 
mation is  largely  obtained  from  statements  made  by  those  in  charge. 

Owing  to  the  difliculty  of  holding  experienced  hydrographers,  several 
changes  in  the  party  having  occurred  by  reason  of  the  men  being  called 
to  the  colors,  the  work  was  greatly  restricted  in  scope  from  that  which 
had  been  desired. 

One  result  of  the  curtailment  was  that  no  investigations  were  made 
below  Knights  Landing  this  year. 

Analysis  of  the  data  set  forth  in  the  annexed  table  will  not  be  pre- 
sented at  this  time. 

A  conflict  believed  by  the  department  to  be  impending  between 
interests  using  the  waters  of  the  Sacramento  Valley  is  discussed  under 
the  title  Conflict  of  Interests,  page  70. 
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THE  DEBRIS  PROBLEM. 

The  United  States  Debris  Commission,  created  by  the  Caminetti 
Act  of  1893,  has  already  been  referred  to  herein  under  the  caption, 
*  *  Sacramento  River  Problems. ' ' 

The  commission  is  composed  of  three  ofiSeers  of  the  Engineer  Corps, 
IT.  S.  Army,  and  its  duties  prescribed  by  the  act  are,  briefly  stated : 

(1)  To  regulate  hydraulic  mining  so  as  to  prevent,  in  so  far  as 

practicable,  debris  reaching  the  navigable  strieams. 

(2)  To  design  and  execute  plans  for  the  amelioration  of  conditions 

unfavorably  affecting  navigation  in  the  streams  under  its 
charge. 

Its  jurisdiction  extends  to  the  entire  drainage  area  of  the  Sacramento 
and  San  Joaquin  rivers. 

In  pursuit  of  its  duties  under  the  first  definition  above,  the  commis- 
sion prescribes  regulations  for  the  storage  or  control  of  debris  from 
mines  and  issues  licenses  for  their  operation  when  the  regulations  are 
complied  with,  and  revokes  licenses  already  issued  for  violations  of  the 
conditions  prescribed. 

Performing  the  second  duty  prescribed,  the  commission  devised 
measures  for  the  arrest  of  an  immense  volume  of  debris  lodged  in  the 
canyons  of  the  Yuba,  which  in  the  natural  course  would  eventually 
reach  the  Sacramento  River,  and  formulated  the  plan  for  the  control 
of  floods,  protection  of  lands,  and  improve  navigable  conditions  in  the 
Sacramento  River.  The  plan  has  been  fully  described  in  previous 
reports  of  this  department  and  referred  to  in  a  previous  paragraph 
herein.     (See  Sacramento  River  Problems,  ante.) 

The  report  of  the  commission  is  made  annually  to  the  War  Depart- 
ment and  is  published  in  the  reports  of  the  Chief  of  Engineers,  U.  S. 
Army. 

The  state  has  contributed  one-half  the  cost  of  the  works  on  the  Yuba 
River  and  has  adopted  the  plans  for  flood  control  and  river  improve- 
ment and  contributed  funds  equal  to  the  congressional  ap|)iT>priation8 
for  carrying  out  the  plans. 

The  State  Engineer  is  enjoined  by  law  to  co-operate  with  the  Debris 
Commission  in  all  matters  whei-ein  the  state  is  concerned. 

The  work  of  improving  inland  waterways  and  assisting  navigation 
thereon,  other  than  in  connection  with  debris  control,  is  also  delegated 
to  army  engineers  and  the  reports  of  their  operations  appear  in  the 
report  of  the  Chief  of  Engineers  contemporaneously  with  the  Debris 
Commission's  report. 

These  reports  contain  a  large  amount  of  valuable  and  interesting 
information  and  this  department  has  heretofore  reproduced  them  in 
full,  and  it  is  keenly  regretted  that  limitations  placed  upon  the  state's 
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pnblications  restricts  their  appearance  to  a  summary  of  their  prominent 
features. 

Owing  to  certain  regulations  of  the  War  Department,  information 
of  a  later  date  than  June  30,  1917,  is  not  available  for  publication  at 
the  time  the  text  of  this  report  is  transmitted  to  the  printer. 

In  the  matters  treated  of  and  set  forth  in  the  summary  of  the  reports 
to  follow  this,  the  Department  of  Ensrineerin^  for  the  state  has  pro- 
cured, or  is  negotiating  for,  rights  of  way  and  easements  on  the  Sacra- 
mento and  San  Joaquin  rivers  and  Stockton  Harbor  necessary  for  the 
work  described  in  the  reports  and  referred  to  in  the  siunmary. 

SUMMARY  OF  REPORT  OF  DEBRIS  COMMISSION  JULY  1,  1915,  TO  JUNE  30,  1917. 

During  this  period,  the  commission  consisted  of  Gol.  Thorn ts  H.  Rees  (senior 
member)  to  February  1,  1917;  succeeded  by  Gol.  Edw.  Burr  (senior  member)  ; 
Major  L.  U.  Rand  (secretary),  having  immediate  supervision  of  the  work;  Major 
Riciiard  Park,  Corps  of  Engineers. 

1.  Regulation  of  Hydraulic  Mining. 

From  the  date  of  its  organization  to  June  30,  1916,  the  commission  received  915 
applications  for  licenses  to  operate  hydraulic  mines,  and  90  licenses  were  issued. 
Prior  to  September  6,  1917,  the  commission  had  permitted  brush  and  log  crib  dams 
to  be  constructed,  but  since  then  only  dams  of  permanent  construction  have  been 
allowed.  During  the  year  ending  June  30,  1917,  seven  applications  were  received, 
making  the  total  922,  five  licenses  issued  and  three  revoked.  Total  number  of  mines 
operating,  14. 

Hydraulic  Dredges.  Fifty-five  hydraulic  dredges,  turning  over  40,000,000  cubic 
yards  of  earth  and  gravel  a  year,  are  mining  for  gold  along  the  streams.  Of  these, 
four  are  operating  under  permits  issued  by  the  Secretary  of  War.  All  dredges  are 
reqnired  to  prevent  their  debris  reaching  the  streams. 

Quartz  MUls.  Tailings  from  mills  crushing  quarts  for  the  extraction  of  metals, 
particalarly  gold  and  copper,  sometimes  are  washed  into  the  navigable  waters. 
Owners  are,  therefore,  required  to  impound  the  tailings  or  debris.  Twelve  mills 
were  required  to  take  steps  to  care  for  their  debris. 

lilefful  Mining.  Very  few  hydraulic  mines  are  reported  as  violating  the  law  by 
operating  without  license.  Two  cases  were  reported  to  the  federal  grand  jury, 
resulting  in  one  indictment.  The  accused  pleaded  guilty  in  the  United  States  Court 
and  was  fined. 

2.  Studies  and  Reports. 

Survey  of  the  Sacramento  above  Chico  Landing  was  commenced  in  May,  1916, 
and  general  studies  continued  of  the  other  streams  affected  by  the  debris.  Projects 
for  reclamation  conducted  uuder  the  supervision  of  the  State  Reclamation  Board 
have  been  examined  to  see  that  they  conform  to  the  great  flood  control  project.  The 
expenses  of  the  commission's  operations  uuder  1  and  2,  above,  were  $14,977.59  in 
1915-16,  and  $15,340.72  for  the  fiscal  years  1916-17.  The  entire  cost  is  borne  by 
the  government.  The  total  appropriations  for  these  puriK>ses  to  June,  1917,  amounts 
to  f3O4,0O1.96. 

3.  VulM  River. 

Tbe  project  to  hold  and  control  the  large  accumulation  of  debris  iu  this  stream 
consists  of  a  barrier  across  the  mouth  of  the  cafion,  impounding  a  large  volume  of 
delnris;  the  construction  of  an  artificial  channel  for  the  river  through  t>aguerre 
Point ;  construction  of  training  walls  from  the  Daguerre  Point  Gut  to  the  confluence 
with  Feather  River  at  Marysville,  so  as  to  confine  the  Yuba  River  to  a  defined 
channel  through  nn  immense  bed  of  debris.  A  fund  of  $8(X),(X)0  was  created  for 
this  project,  the  state  and  Congress  each  contributing  $400,000. 
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Repairs  and  improvemeDts  were  made  to  the  inlet  wall  in  Daguerre  Pmnt  Got; 
protective  revetment  placed  at  points  on  the  training  walls  where  being  eroded; 
2,200  feet  of  additional  training  walls  above  Daguerre  Point  Cot  partly  completed; 
embankments  constructed  across  some  high-water  channels  diverting  from  the  riw ; 
the  prescribed  channel  way  from  the  lower  end  of  the  training  walls  to  Maiysville 
cleared  of  snags,  trees  and  brush,  and  some  blasting  of  hardpan  done  to  expedite  the 
deepening  of  the  channel  by  scouring.  Surveys  were  made  to  determine  the  effects  of 
the  works  on  the  river. 

The  expenditures  itemized  for  the  two  years  aggregate  $23,897.09,  which  leaves  a 
balance  of  $88,569.20  in  the  co-operative  fund  July  1,  1917. 

4.  Sacramento  and  Feather  Rivers.^ 

Operations  for  the  alleviation  of  debris  conditions  in  the  Sacramento  and  Feather 
rivers  have  been  conducted  under  joint  agreements  between  the  state  and  government 
The  original  estimate  for  this  work  was  $800,000,  but  changed  conditions  have  caused 
a  revision  of  the  estimate  to  $1,660,000,  not  including  rights  of  way  and  easements, 
or  maintenance.  The  appropriations  to  date  amount  to  $1,360,000,  each  participant 
contributing  one-half. 

Operations  on  the  Lower  Sacramento.  During  the  two  years  1916-17,  the  two 
hydraulic  dredges,  Sacramento  and  San  Joaquin,  belonging  to  the  project,  were  con- 
tinued in  operation,  removiiig  14,973,262  cubic  yards  of  material  from  the  river 
channel,  at  an  average  cost  of  3.1  cents  a  cubic  yard.  A  hired  bucket  dredge  was 
employed  to  breach  old  levees  and  to  construct  embankments  for  retaining  spoil 
deposits.  This  machine  handled  1,001,782  cubic  yards  at  a  cost  of  $31^13..60,  or 
at  an  average  cost  of  3.2  cents  a  cubic  yard.' 

The  cost  of  the  project  to  June  30,  1917,  amounted  to  $1,353»936.53,  including 
$444,253.90  paid  for  the  two  dredges  and  their  equipment. 

5.  Control  of  Floods,  etc. 

A  map  was  prepared  showing  lands  required  for  cutoff  across  the  bend  at  GoUins 
Eddy,  contemplated  in  the  flood  control  plan..  It  is  estimated  that  the  excavation 
will  cost  $38,00O\  Maps  were  also  made  showing  lands  required  for  the  operations 
on  the  lower  project.     None,  of  these  maps  have  been  published. 

IMPROVEMENT  OF  8ACRAMENT0  AND  FEATHER  RIVERS  AND  SAN  JOAQUIN 

RIVER  AND  TRIBUTARIES. 
Sacramento  River. 

Sacramento-Feather  Rivers  Board.  This  board,  appointed  by  the  Secretary  of 
War.  under  authority  of  the  Rivers  and  Harbor  Act,  June  3,  1896,  has  charge  of  the 
improvement  of  the  Sacramento  and  Feather  rivers.  The  personnel  is  the  same  as 
that  of  the  Debris  Commission,  with  Major  Rand  as  executive  officer,  who  exercises 
immediate  supervision  of  the  work. 

Sacramento  River.  The  project  is  to  maintain  navigable  depths  from  the  month 
of  the  river  to  Sacramento  City,  60.7  miles;  4  feet  between  Sacram^ito  and  Colusa, 
90  miles;  3  feet  to  Chioo  Landing,  51.3  miles,  and  such  depths  as  are  practicable 
51.6  miles  to  Red  Bluff,  254.4  miles  from  the  mouth.  These  results  are  to  be 
obtained  by  a  system  of  wing  dams  to  concentrate  the  low  water  flow,  by  snagging 
and  by  occasional  dredging. 

It  has  been  recommended  that  the  channel  depth  to  be  attained  be  increased  from 
7  to  9  feet  below  Sacramento  City. 

Operations.  During  the  two  years,  July  1,  1915,  to  June  30,  1917,  snagging  opera- 
tions were  carried  on  from  the  mouth  to  Tehama  above  Chico  Landing,  involving  the 


^Operations  beneficial  to  Feather  River  were  confined  to  the  work  on  Tuba  River 
noted  under  2  above. 

>The  Department  of  Engineering  invites  attention  to  these  costs  of  dredger  work 
In  contrast  with  the  prices  usually  paid  on  contracts. 

■This  cutoff  has  been  completed  since  the  report. 
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r«iDOTal  from  the  river  and  destraction  of  Biiags,  remoyal  of  ovorhangmg  trees  from 

the  baiikB  and  deatmctioii  of  drift  logs  and  trees  lodged  on  banks  ailft  bars.    The 

total  removals  were  as  follows: 

1916  i9ir 

Snags 1,»75        3.046 

TieS 1341        2,771 

Drifts   1,636 

8,816       7,462 

The   cost   of  removing   these   obstructions,   aggregating   10,768   in   number,   was 

$M^7.43. 

Six  new  wing  dams  were  constructed  and  repairs  made  to  39  others. 

Dredging  was  necessary  both  seasons,  both  below  and  above  Sacramento,  which 
was  done  with  dredges  hired  for  the  purpose.  Snagging  is  done  by  a  government 
snac  boat. 

Soundings  were  made  and  platted  for  progressive  record  of  conditions  in  the  river. 

Survey  Above  Chico  Landing.  The  river  and  harbor  act  approved  March  4,  1916, 
directed  a  survey  to  be  made  of  the  Sacramento  River  from  Chico  Landing  to  Red 
Bluff.  This  was  done  and  the  district  officer  reported,  recommending  that  no 
farther  attempts  be  made  to  improve  the  river  above  Chico  Landing.  (House  Docu- 
ment No.  1893,  64th  Cong.,  1st  Session.) 

Financial  Summary.  Total  appropriations  to  June  30,  1914,  $1,327,000.  Amount 
expended  on  all  projects  to  June  30,  1917,  exclusive  of  receipts  from  sales,  etc., 
formerly  included,  amounting  to  $1,942.07: 

New  work S374212  71 

New  work  and  maintenance •*38,918  14 

Maintenance   459,786  86 

Total  expended $1,235,917  70 

It  is  estimated  that  the  state  of  California,  the  city  of  Sacramento  and  reclamation 
interests  have  expended  approximately  $3,000,000  in  work  beneficial  to  navigation. 

Efect  of  Improvement,  The  effect  of  the  improvement  is  that  there  is  continuous 
navigation  from  the  mouth  of  the  river  to  Chico  Landing.  From  San  Francisco  to 
Sacramento  there  are  four  daily  (except  Sunday),  one  weekly,  and  two  semiweekly 
steamers.  To  Colusa,  there  are  four  weekly  steamers,  and  to  Chico  Landing  one 
weekly  steamer  from  San  Francisco.  A  gas  passenger  launch  runs  daily  between 
Sacramento  and  Antioch  and  Stockton. 

One  hundred  fifty-seven  registered  vessels  and  101  unregistered  of  all  kinds, 
steamers,  gas  boats  (including  tow  boats),  launches,  gas  schooners,  sailing  vessels 
and  unrigged  vessels,  such  a  barges,  dredges,  etc.,  ply  upon  the  Sacramento  River 
ettfaer  regularly  or  as  occasion  requires. 

Trafio  Statistics.  In  1916  there  were  760,935  tons  of  freight  carried  on  the 
Sacramento  River,  and  in  1916  there  were  875,780  tons  transported.  The  record 
for  five  years  appears  as  follows : 

Tear  Short  toiu  V^lue 

1912 477,292  $27,756,325 

1913 733,594  35,866.791 

1914 721,090  38,211,760 

1W5 760,936  38,027,701 

1916 875,780  46,908,093 

All  of  the  river  which  is  used  for  navigation  is  under  improvement,  hence  all  the 
trafilc  is  considered  as  being  affected  by  the  improvement. 

Feather  River. 

Project  of  Improvement.  Work  by  the  government  for  improvement  of  Feather 
River  was  discontinued  in  1899^  "until  the  flow  of  sand  and  other  mining  detritus 
from  Ynba  and  Bear  rivers  is  stopped."    The  river  and  harbor  act  approved  July  27, 

■Cost  of  new  work  and  maintenance  were  not  kept  separate  prior  to  March  8,  1899. 
^Annual  report     Chief  of  £hiRlneers,  XT.  S.  Army.  1899.  psKe  8171. 
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191G,  approprUt«d  $10,000  for  improT«ineiit  of  this  river,  contingent  upon  a  Vkt 
sum  being  furnished  by  local  interests.  Those  conditions  were  met'  The  plan  of 
improYement  is  to  make  a  depth  of  2.5  feet  available  at  low-water  stage,  from 
Marysville  to  the  mouth  of  the  river  at  Vernon,  a  distance  of  28^  miles. 

Operationt.  During  the  fiscal  year  ending  June  90,  1917,  work  of  clearing  the 
channel  was  conducted,  in  which  obstructions  were  removed  as  follows : 

Snags 190 

Overhanging  trees 487 

Drifts 171 

Total 848 

This  woric  cost  $1,259.71.  Surveys  and  soundings  of  portions  of  the  river  weie 
made  and  platted  at  a  cost  of  $175. 

Local  Cihoperaiion.  Considerable  work  has  been  done  by  local  interests  in  oob- 
struction  of  training  walls,  barriers,  bank  protection  and  snagging,  and  the  erecdon 
of  terminal  facilities  at  Marysville.*  It  is  estimated  that  about  $1000  has  been 
expended. 

Commercial  Stati9Uc8.  A  table  showing  traffic  on  the  river  is  presented  aa  follows: 
Year  Shoit  tans  Talna 

1912   2,729        $159,016 

1913 3,332  207366 

1914   

1915   2*906  

1916  392  

The  slump  in  tonnage  in  1916  is  attributed  to  several  causes — a  strike  of  river  men, 
delay  in  getting  harvests  to  the  river  before  the  low  water,  etc. 

San  Joaquin  River. 

Projects,  The  general  project  extends  from  the  mouth  to  Hills  Ferry,  128.5  miles, 
and  embraces  several  projects  for  improvement,  including  a  channel  depth  of  9  feet 
below  Stockton  and  improvement  by  cut-offs ;  improvement  of  Stodcton,  Mormon  and 
Fremont  channels  and  McLeod  Lake,  all  parts  of  Stockton  Harbor ;  the  improvement 
of  the  river  above  Stockton,  and  maintenance  of  tlie  Mormon  Slough — Calaveras 
Diverting  Canal. 

The  B-Foot  ChanneL  The  lower  34  miles  of  the  river  has  always  been  more  than 
the  required  depth.  Stockton  Channel  2i  miles  and  San  Joaquin  River  8|  miles 
required  deepening.  Below  Stockton  there  had  previously  been  made  thirteen  river- 
bend  cut-offs,  three  by  the  state  and  two  included  in  the  9-foot  project.  The  elimina- 
tion of  the  bends  shortened  the  channel  distance  6  miles,  increased  the  sconring 
effects  of  the  tide  and  reduced  the  flood  plane. 

Upper  River  Channel.  From  Stockton  to  Hills  Ferry  is  83.3  miles,  to  whidi 
point  the  river  is  navigable  for  boats  of  5  feet  draft  from  about  April  to  August. 

In  1915-16  the  government  snag  boat  Seizer  was  employed  in  snagging  from 
Stockton  to  Patterson  Landing,  64  miles.  The  following  year  snagging  operations 
were  conducted  by  a  crew  operating  from  a  houseboat.  The  territory  covered  was 
from  the  San  Joaquin  River  (Southern  Pacific  Railroad)  bridge  to  Patterson  Pomp* 
a  distance  of  about  50  miles. 

Dredging  Below  Stockton.  During  the  two  years  Cut-off  **C"  was  completed  by 
the  dredging  of  40,200  cubic  yards  of  material.  Cut-off  "B"  was  made  witii  one  of 
the  Sacramento  River  dredges  transfon*ed  for  that  purpose.  In  making  the  cat-ofl!, 
433,925  cubic  yards  were  removed  at  a  cost  of  $14,989.20  (3.45  cents  a  yaid). 
These  two  cuts  shorten  the  channel  .93  mile. 


'15.000  were  allotted  from  the  Department  of  Engineering  river  fund  and  Sutter  and 
Yuba  counties  contributed  $2,600  each. 

*The  Department  of  Engineering  had  endeavored  to  improve  conditions  by  tralninf 
walls  and  snagging,  removing  more  than  1,000  snags  in  one  season.  The  result  was 
that  steamers  were  able  to  reach  Marysville  until  August,  which  accounts  for  tho  flguris 
of  traffic  In  the  table.  EiXtremely  low  water  after  the  department  ceased  work  Inter* 
fered  with  traffic. 
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The  lower  3000  feet  of  Stocfctou  Channel  and  the  river  for  2500  feet  beL»w  the 
janction  were  dredged  to  a  depth  of  0  to  10  foet  and  100  feet  wide.  The  work  was 
dooe  by  a  suction  dredge  ander  contract  at  18.4  cents  a  cubic  yard.  The  total  cost, 
including  superintendence,  inspection,  etc.,  was  $12,050.05. 

Ck>ntract8  were  let  for  dredging  at  several  points  below  Sitockton,  and  one  sub- 
division of  the  work  completed. 

Surveys.  Surveys  and  oflSce  work  were  executed  in  preparing  maps  and  descrip- 
tions for  further  improvement  along  Stockton  Channel  and  the  river  for  10  miles 
hel<)w  the  city. 

Bmpendiiurea,    The  expenditures  for  the  fiscal  years  1915-10  and  1916^17  were: 

For  the  San  Joaquin  River,  9-foot  project $29,963  96 

For  Stockton  Harbor  channels . 20,083  95 

Total $49,997  91 

JietuUs  of  Oi^raiioMS.    The  results  of  the  operations  recited  are: 

The  river  is  navigable  to  Hills  Ferry,  128^  miles  from  the  mouth,  for  boats  drawing 
5  feet  until  about  August; 

The  harbor  of  Stockton  has  a  governing  depth  of  9  feet,  excepting  Mormon  Channel, 
which  is  4  feet  deep ; 

The  river  below  Stockton  has  a  general  depth  of  0  feet.  The  cut-offs  have 
fihartened  the  channel  length,  eliminated  many  short  bends,  thus  lessening  danger  in 
fofSSy  weather,  and  stabilized  running  schedules  in  addition  to  lowering  the  flood 
plane  and  increasing  the  deepening  action  of  tidal  currents. 

Appropriations.  The  appropriations  and  allotments  made  by  the  government  for 
riie  purposes  discussed,  from  1876  to  June  90,  1017,  were  as  follows : 

For  San  Joaquin  River.  9-foot  project $169,632 

For  Stockton  Harbor  channels 722;170 

Total .$891,802 

Commercial  Statistics.  The  vessels  using  the  San  Joaquin  River  are  classified 
as  follows: 

Registered  steamers 20 

Gas  boats 85 

Sailing  25 

130 

Unregistered  gas  boats 14 

SaU 2 

Unrigged   54 

70 

Total ^"200 

In  1915,  boats  on  the  river  carried  831,234  tons  of  freight,  and  in  1916  there  were 
824,222  tons  transported.  The  rfoord  of  river  transportation  for  five  years  appears 
as  follows: 

Tetr  Sbort  tons  Value 

1912 632,591  $38,854,539 

1913 - 820399  38.341,174 

1914 772,156  35.479.741 

1915 831,234  36,358,240 

1916 824,222  42,179,160 

Mormon  8loiigh- Calaveras  Diverting  Canal. 

The  Project.  This  canal  was  constructed  some  years  ago  to  divert  the  waters  of 
Mormon  Slough  around  north  of  Stockton  into  Calaveras  River  to  prevent  them 
carrying  sand  and  detritus  into  Mormon  Channel  and  the  San  Joaquin,  at  Stockton. 

OperaUans  for  the  Yfiars  1915-11.  The  work  has  consisted  of  clearing  a  growth 
of  brush  from  the  channel  of  Calaveras  River  and  the  canal.  It  was  done  by  hired 
labor  at  a  cost  of  $3,983.19.  The  total  expenditures  to  June  30,  1917,  was 
$260,477.53. 
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Co-operaiion,  It  was  required  that  right  of  way  should  be  furnished  free,  whidi 
was  done  by  the  state  and  the  city  of  Stockton,  jointly. 

Effect  of  Improvement.  The  deposits  in  Stockton  and  Mormon  channels  since  tlie 
completion  of  the  canal  have  been  less  than  formerly.  It  is  quite  certain  that  with- 
out the  canal  the  flood  of  1911  would  have  caused  great  damage  to  navigation. 

Mokelumne  River. 

,    Ewiiiing  Project.    The  object  of  the  project  is  to  maintain  navigable  depths  at 

follows : 


From  the  mouth  of  river  to  the  confluence  of  North  and  South  T)eB^ 

Forks 9  4 

North  Fork,  from  confluence  to  Snodgrass  Slough 9  8 

From  Snodgrass  Slough  to  forks  of  river 6  1 

Soutli"Fdrk,  from  junction  to  forks  at  Newhope  Landing 9  14 

From  Newhope  Landing  to  Galt-Newhope  Bridge 3  8 

Operations.  A  clam-shell  dredge  was  hired  a  short  time  each  year  in  removinf 
a  shoal  and  bar  near  Newhope  Landing,  increasing  the  depth  from  Zi  to  6  feet 
The  total  cost  was  $1,359.75. 

Local  Co-operation.  Appropriation  acts  in  1892  and  1894  stipulated  that  a  certain 
drainage  canal  near  Newhope  Landing  should  be  closed,  which  was  done.  About 
1904  the  state  spent  |10,000  and  private  parties  claimed  to  have  expended  $40,000 
OJS  -improvement.  In  1910  the  state  of  California  spent  $22,782.39  on  improvements. 
Additional  work  done  in  1911  by  private  parties. 

Commercial  Statistics..  The  record  of  trafiic  on  the  river  for  five  years  is  as 
follows: 

Tear  Short  tons  Valm 

1912  .«, 50,443  $2*833,70^ 

1913  — :_ 90,585  5,079,932 

1914 :_ 69,783  3,045,870 

1915 88,624  4,033,698 

1916 80,871  5,202,847 

Appropriations  and  Expenditures.  The  total  appropriations  from  1884  to  June  30, 
1017,  were  $32,500,  and  the  total  expenditures  for  the  same  period  were  $31,500. 

WATER  RESOURCES. 

Investigation,  measurement  and  cataloging  of  the  water  resources  of 
the  state  have  been  diligently  prosecuted  for  many  years  by  private 
interests  seeking  to  take  advantage  of  the  loose  laws  to  appropriate  the 
waters  to  private  exploitation. 

It  \^'us  not  until  recent  years  that  the  public  awoke  to  the  fact  that 
the  vast  resources  of  the  state,  residing  in  the  potential  waters  of  its 
rivers,  brooks  and  waterfalls,  its  lakes  and  glaciers,  were  fast  passing 
to  private  ownership,  and  interposed  a  staying  hand  by  enacting  the 
conservation  laws  of  1911. 

The  government  had  been  engaged  in  a  small  way  in  gathering  data 
as  to  stream  flow,  but  not  until  co-operation  was  established  with  the 
state  did  this  character  of  research  assume  a  degree  of  activity  at  all 
in  keeping  with  its  importance  to  the  public- 

When  the  Department  of  Engineering  was  created  and  entrusted  with 
the  task  of  representing  the  state  in  these  matters,  the  work  of  gathering 

NOTB. — The  state  expended  $60,000  and  the  city  of  Stockton  about  $26,000  io 
obtainincT  rights  of  way  for  the  diverting  canal. 
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information  began  to  expand,  and  by  1909  there  were  70  gaging  sta- 
tions established  on  the  streams  of  the  state.  That  was  not  many  when 
the  extent  of  territory  and  mileage  of  stream  is  considered,  but  by 
co-operating  and  uniting  the  funds  of  state  and  nation  the  work  was 
prosecuted  and  data  began  to  accumulate. 

Records  of  stream  flow  are  highly  important,  indeed  absolutely 
necessary,  in  devising  projects  for  irrigation,  reclamation,  Hood  control, 
power  development,  and  navigation,  or  in  fact  any  use  to  which  flowing 
water  may  be  devoted.  The  lack  of  complete  records  is  keenly  felt  by 
the  Department  of  Engineering  and  all  others  in  attempting  to  solve 
the  many  problems  of  hydroeconomics  so  vital  to  the  prosperit.v  of  the 
state. 

The  need  for  correct  information  concerning  stream  flow  was  never 
more  clearly  manifested  than  in  the  preparation  of  plans  for  the  control 
of  floods  and  reclamation  of  overflowed  lands  in  Sacramento  Valley.  A 
comprehensive  scheme  was  worked  out  from  the  best  data  extant  at  the 
time  by  eminent  men  who  had  had  great  experience  in  such  matters  in 
the  Mississippi  Valle3\  This  was  before  the  government  and  the  state 
had  inaugurated  extensive  investigations. 

Work  on  small  units  of  the  plan  had  been  started  when  it  was  dis- 
covered by  actual  measurements  that  the  quantity  of  water  to  be  cared 
for  was  four  times  as  much  as  the  proposed  works  were  intended  to 
handle. 

The  works  now  being  constructed  will  control  five  times  as  much 
water  as  had  been  thought  could  be  the  possible  maximum. 

The  failure  of  many  irrigation  enterprises  for  lack  of  water  after 
large  sums  had  been  expended  in  constructing  works,  tells  sadly  of  the 
lack  of  information  which  the  co-operating  agencies  of  the  nation  and 
state  are  sedulously  engaged  in  gathering. 

In  addition  to  the  arrangement  whereby  the  Tnited  States  and  the 
state  jointly  measure  the  streams,  the  co-operation  of  individuals,  cor- 
porations and  municipalities  having  interest  in  certain  streams  is 
enlisted,  thus  enabling  a  much  larger  field  to  be  covered  than  would  be 
possible  with  the  funds  appropriated. 

The  last  report  showed  that  at  the  close  of  the  fiscal  year,  June  30, 
1916,  there  were  168  gaging  stations  being  maintained.  Since  then  39 
of  these  stations  have  been  abandoned  and  49  new  ones  tstablished. 
Some  of  the  abandonments  were  due  to  the  withdrawal  of  private 
co-operation,  but  most  of  them  because  of  the  unimportance  of  the 
streams,  or  for  the  reason  that  a  record  had  been  completed  for  a  period 
long  enough  to  furnish  a  reliable  rating  for  the  stream. 
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The  re8ult4s  of  the  observations  at  the  gaging  stations  established  at 
various  points  on  the  streams  of  the  state  are  published  from  time  to 
time  in  the  bulletins  issued  by  the  Geological  Survey  under  the  title  of 
Water  Supply  Papers. 

These  published  records  give  the  following  information : 

Description  of  station,  and  of  its  characteristics. 

Fjist  of  discharge  measurements,  made  on  the  stream  above. 

Table  of  daily  gage  heights  at  the  station. 

Table  of  daily  discharges. 

Table  of  monthly  and  yearly  discharges  and  nm-off. 

The  methods  employed  in  making  the  measurements  have  been 
described  in  i^revious  reports  of  this  department  and  are  so  graphically 
set  forth  in  the  water  supply  publications  that  they  need  not  be  described 
here. 

The  investigations  into  the  water  resources  of  the  state  by  the  United 
States  Geological  Survey  in  co-operation  with  the  state  of  California 
during  the  last  biennial  period  have  been  conducted  under  the  charge 
of  Mr.  N.  C.  Grover,  chief  hydraulic  engineer,  chief  of  the  water 
resources  branch,  United  States  Geological  Survey,  by  Mr.  H.  D. 
McGlashan.  district  eno^ineer,  whose  report  here  follows: 


REPORT  TO  THE  DEPARTMENT  OF  ENGINEERING  ON  THE  PROGRESS  OF 
THE  CO-OPERATIVE  SURFACE  WATER  INVESTIGATIONS  IN  CALIFORNIA 
BY  THE  WATER  RESOURCES  BRANCH  OF  THE  UNITED  STATES  GEOLOGI- 
CAL SULVEY  FOR  1916-1918. 

The  co-Gperative  inve8tijiratioii  of  the  surface  water  resources  of  the  state  of 
California  during  the  past  two  years  hajs  been  maintained  on  practically  the  same 
basis  as  in  former  years.  While  the  number  of  river  measurement  stations  in  actnal 
operation  has  not  materially  changed  during  this  x>eriod,  it  has  been  necessary  to 
discontinue  a  few  stations  and  establish  several  new  ones  to  meet  the  si>ecial  needs 
of  the  state.  Numerous  improvements  have  been  made  in  station  equipment  whicb 
materially  increase  the  accuracy  of  the  records.  The  apportionment  of  the  work 
throughout  the  several  drainage  basins  has  remained  practically  unchanged,  except 
in  the  (Treat  Basin  drainage.  In  this  area  a  number  of  new  stations  have  been 
established,  nt  the  request  of  tiie  Department  of  Engineering  and  the  State  Water 
C^ommission,  in  order  to  determine  the  water  supply  available  for  proposed  irrigatioa 
districts  in  Surprise  Valley  and  Honey  Lake  Basin. 

The  following  table  shows  the  river  measurement  stations  maintained  daring  the 
two-year  period  ending  October  31,  IMS.  This  list  does  not  include  stations  main- 
tained by  private  parties,  for  which  complete  records  are  furnished  for  publication 
in  our  Annual  Progress  Reports.  The  regular  stations  are  distributed  among  the 
major  drainage  bai«ins  of  the  state,  as  follows :  Sacramento,  17  per  cent;  San  Joaquin, 
32  per  cent;  South  Pacific.  23  per  cent;  North  Pacific,  8  per  cent;  Great  Basin, 
20  per  cent. 


i 


HYDROECONOMICS — WATER  RESOURCES.  51 

SUcam  Poit  Offlot 

Alameda  Creek NUes 

Alameda  Creek Alvarado 

American   River Pairoalw 

American  River,  Middle  Pork East  Auburn 

American  River.  North  Fork Colfax 

American  River,  South  Fork PlacervUle 

Arroyo  Seco Paaadena 

Arroyo  Seco Soledad 

Baxter  Creek Lasaen 

Bear  Creek*   Sprlngvllle 

Bear  River Colfax 

Bear  River Van  Trent 

BidweU  Creek,  near Fort  Bidwell 

Bidwell  Creek,  at Fort  Bidwell 

Boulder  Creek Julian 

Box  Canyon  Creek Fort  Bidwell 

Cache  Creek  Yolo 

Calaveras  River Jenny  Litnd 

Carson  River,  East  Fork MarkleevtUe 

Carson  River,  West  Fork Woodfords 

Cherry  Creek Sequoia 

Clear  Lake  Lakeport 

Cooks  Lake Fort  Bidwell 

Cowhead  Lake Fort  Bidwell 

Cosumnes  River Michigan  Bar 

Cosumnes  River,  North  Fork : El  Dorado 

Coyote   River  Madrone 

Coyote  River Coyote 

Coyote  River Edenvale 

Coyote  River* San  Jose 

Cuyamaca  Water  Company's  flume,  at  diverting  dam Lakeside 

Cuyamaca  Water  Company's  flume* Lakeside 

Deep  Creek,  above  Dismal  Ci'eek Warner  Lake,  Ore. 

Deep  Creek,  below  Dismal  Creek Warner  Lake,  Ore. 

Deep  Creek -. Adet,  Ore. 

Deer  Creek Hot  Springs 

Dismal  Creek Port  Bidwell 

Eteton   Creek   Pasadena 

Bel  River  Scotia 

Eleanor  Creek Sequoia 

E«lsinore  Lake   Elsinore 

Escondido  Mutual  Water  Company's  canal Nellie 

Falls  Creek Sequoia 

Feather  River OrovIUe 

Feather  River,  Middle  Fork Oroville 

Feather  River,  Middle  Fork Sloat 

Feather  River,  South  Fork Enterprise 

Fifteen  Mile  Creek Warner  Lake,  Ore. 

Pish  Creek   Duarte 

•  Fresno  River Knowles 

Fresno  Flume  and  Lumber  Company's  flumes Shaver 

Gobemador  Creek Carpinteria 

Golden  Rock  Ditch*   — Sequoia 

Cloodyear  Creek Goodyear  Bar 

Haines   Croek Tujungn 

Hat  Creek* * Hat  Creek 

Horse  Creek,  East  Fork Fort  Bidwell 

Horse  Creek.  West  Fork Fort  Bidwell 

Indian  Creek* Crescent  Mills 

Indian  Creek Happy  Camp 

JanesviUe  Creek  ' Lassen 

Kaweah  River Three  Rivers 

Kaweah  River,  North  Fork Kaweah 

Kaweah  River,   South  Fork Three  Rivers 

Keeno  Creek Fort  Bidwell 

Kern  River  Kemyflle 

Kings  River  Sanger 

Klamath  River Selad  Valley 

Klamath   River   Requa 

Kosk  Creek* Henderson 

Laguna  Seca Coyote 
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aticam  P«Mt  Oflfli 

Little  Santa  Anita  Creek Sierra  Ifadre 

Longr  Valley  Creek Scotts 

LoniT  Valley  Creek Doyle 

Markleevllle  Creek,  above Markleevflle 

Markleeville  Creek,  at . Markleevllle 

McCloud  River Baird 

Merced  River,  Happy  Isles Tosenilte 

Merced  River*   ^-Tosemlte 

Merced  River,   Pohono  Bridge Toaemite 

Merced  River Exchequer 

Merced  River,  South  Fork Wawona 

Middle  Eel  River Covelo 

Modesto  Canal Ia  Orange 

Mokelumne  River Clements 

Mokelumne  River,  Licking  Fork* Railroad  Flat 

Mokelumne  River,   Middle  Fork West  Point 

Mokelumne  River,  North  Fork West  Point 

Mokelumne  River,  South  Fork Railroad  Flat 

Mono  Lake Mono  Lake 

Monrovia  pipe  line Monrovia 

Oakdale  Canal Knights  Fferry 

Oregon  Creek North  San  Juan 

Owens  Lake Lone  Pine 

Owens  River Round  Valley 

Owens   River   Big  Pine 

Owens  River , Lone  Pine 

Pacoima  Creek San  Fernando 

Palermo  Land  and  Water  Company's  canal Enterprise 

Pine  Creek Alturas 

Pine  Creek Round  Valley 

Pit  River . Henderson 

Pit  River   Tdalpom 

Putah   Creek   Winters 

Reeve-Davis  ditch* Happy  Camp 

Rock  Creek   Fort  Bldwell 

Rock  Creek Gtoodyear  Bar 

Rock  Creek Round  Valley 

Rogers  Creek Azusa 

Sacramento  River Castella 

Sacramento  River Red  Bluff 

Salton   Sea   Salton 

Sixn  Antonio  Creek Claremont 

Stm   Diego*    Lakeside 

San  Diego  River Santee 

San  Diego  River*   San  Diego 

San   DIeguito  River   Barnardo 

San  Dimas  Creek San  Dlmas 

San  Gabriel  River Axusa 

San  Jacinto  River Elslnore 

San  Joaquin  River Friant 

San  Joaquin  River Newman 

San  Luis  Rey  River Mesa  Grande 

San  Luis  Rey  River*  Nellie 

San  Luis  Rey  River* Pala 

San  Luis  Rey  River Bonsai 

Santa  Ana   River   Mentone 

Santa  Anita  Creek Sierra  Madre 

Santa  Maria  Creek Ramona 

Santa  Ynez  River Santa  Barl>ara 

Santa  Ynez  River ^ Lompoc 

Siinta  Ysabel  Creek Mesa  Grande 

Santa  Ysabel  Creek Ramona 

Sawpit   Creek   Monrovia 

Schloss  Creek   Lassen 

Scott  River Callahan 

Scott  River,   East  Fork Callahan 

Shasta  River  Montague 

Smith  River,  Middle  Fork Crescent  City 

Smith  River,  North  Fork Crescent  City 

South  San  Joaquin  Canal Knights  Ferry 

Southern  California-Edison  Company's  Canal Axusa 
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Southern  Calif orn fa-Edison  Company's  Canal Mentone 

Spanish  Creek Keddle 

Stanislaus  River Knights  Ferry 

Stanislaus  River,  North  Fork Avery 

Stanislaus  River,  South  Fork* Strawberry 

Stevenson  Creek Shaver 

Susan   River   SusanvlUe 

Sweetwater  River*  ^ Dehesa 

Sweetwater  River  Descanso 

Tenaya  Creek Yosemlte 

Temescal  Creek Elsinore 

Trinity   River   Lewiston 

Trinity  River Hoopa 

Tujunga  Creek Sunland 

Tulare  Lake Stratford 

Tule   River   PortervlUe 

Tule  River,  South  Fork PortervlUe 

Tuolumne  River,  below  Hetch  Hetchy  damsite Sequoia 

Tuolumne  River Buck  Meadows 

Tuolumne  River,  above  La  Orange  Dam La  Grange 

Tuolunme  River,  at  La  Orange  Dam La  Grange 

Tuolumne  River,  Middle  Fork Buck  Meadows 

Tuolimine  River,  South  Fork Sequoia 

Tuolumne  River,  South  Fork Buck  Meadows 

Turlock  Canal La  Grange 

Twelve-Mile  Creek Fort  Bldwell 

Twenty-Mile  Creek Warner  Lake,  Ore. 

Utlca  Gold  Mining  Company's  canal Avery 

West  Walker  River Colevllle 

Yosemlte   Creek   Yosemlte 

Yosemlte  Power  Company's  canal Lii  Grange 

Yuba  River SmartsvlUc 

Yuba  River,  Middle  Fork North  San  Juan 

Yuba  River,  North  Fork Goodyear  Bar 

Yuba  River.  North  Fork,  North  Fork Downievllle 


'Dincontiiiiied. 


The  above  work  han  lieen  maintnined  in  accordance  with  co-oiierative  agreements 
with  the  state  of  (California,  through  the  Department  of  Engineering  and  the  State 
Water  Commission ;  with  the  city  and  county  of  San  Francisco,  through  M.  M. 
O'Shaughnessy.  city  engineer:  with  I^os  Angeles  (bounty,  through  the  board  of 
Hupervisom,  and  with  the  W  S.  Forest  Service  and  the  National  Park  Service.  In 
addition,  substantial  aHsistance  han  l)een  fumiHhed  by  other  federal  bureaus  and  by 
Ktate,  county  and  municipal  officers,  irrigation  dlNtrictH.  private  companies,  and 
individuals.  The  amount  of  work  done  and  its  cost,  including  estimated  expenditures 
for  complete  records  furnished  free  for  publication,  for  the  two-year  perio<l  ending 
June  30,  1918,  was  as  follows : 
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Number  of  HUtions 

Number  of  diwharge  mensurements 

E»Ub- 
Ushed 

Discon- 
tinued 

■ 

Maln- 

Uined 

Jun«  30. 

1918 

At  reg- 
ular 
BtaUonii 

MlDcel- 
Uneoun 

Total 

Averace 

•A  each 

Mtatlon 

P«r  year 

Sacramento    

San  Joaquin  

3outb  Padile 

North  Psdile 

Great  Basin ,' 

Totali ...' 


5 
8 

12 
1 

2S 


I 


8  i 

9 
1 
6 


30 


r 


85 
M 
86 
It 
39 

178 


488 

708  I 
1,901 
88 

482 

2,901 


66 

M 
428 

M 
120 

721 


480 
796 
1,029 
KI7 
602 

8,«22 


6 

6 
16 

8 
10 


I 


AveraB** 
annual 
OMtpcr 
Htatlou, 
Includ- 
ing n«w 

con- 

atruetlun 

and  officv 

work 


fl6l  00 
196  00 
897  00 
114  00 
117  00 


8        $106  00 
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The  following  Surfax;e  Water-Supply  Papers,  oontaining  Calif oruia  tecoida,  hare 
been  pabliahed  since  November,  1916: 
Paper  361,  Annual  Progress  Report  of  California  for  the  year  ending  September  30. 

1913. 
Pai)er  390,  Annual  Progress  Rei)ort  of  Great  Basin  for  the  year  ending  September  30, 

1914. 
Paix^r  891,  Annual  Progress  Report  for  California  for  the  year  ending  September  30, 

1914.^ 
Pai)er  42(3.  Southern  California  Floods  of  January,  1916. 

Water-Supply  Papers  410.  411  and  441,  for  the  yearw  1915  and  1916,  have  been 
approved  for  printing  and  are  oxi)ectcd  to  be  available  for  distribution  in  a  short 
time.  All  records  for  the  year  ending  September  30,  1917,  have  been  compiled  and 
the  results  are  available  to  the  public.  They  will  be  published  in  Water-Snpply 
Papers  400  and  461.  Also  this  office  has  in  preparation  a  special  Southern  Cali- 
fornia Report  which  will  include  all  stream  flow  records  collected  by  the  Geological 
Survey  in  this  section  of  the  state. 

In  the  administration  of  the  work  of  the  Water  Resources  Branch  of  the 
Geological  Survey,  the  district  office  is  maintained  at  328  Custom  House,  San 
Francisco.  A  suboffice  is  retained  at  619  Federal  Building,  Los  Angeles,  for  the 
convenience  of  southern  California.  Data  collected  by  all  brandies  of  the  CSeological 
Survey  may  be  consulted  at  either  office. 

GROUND  WATERS. 

In  few  localities  of  the  state  are  conditions  so  well  adjusted  that  the 
surface  waters  are  sufficiently  under  control  as  to  adequately  serve  all 
the  lands  within  their  reach.  Tn  some  localities  no  surface  water  at 
all  is  available. 

Fortunately  in  many  localities  where  the  streams  are  wanting  or 
inadequate,  there  are  underground  waters  which  may  be  obtained  for 
irrigation,  either  supplemental  to  the  surface  supply,  or  in  the  latter's 
absence  in  lieu  thereof. 

Throughout  the  great  desert  region  of  the  state  lying  to  the  east  of 
the  mountain  ranges  are  small  bodies  of  fertile  arid  land  underlain  at 
varying  depths  with  water  which  can  be  made  available  for  surface 
use  by  means  of  wells  and  modern  pumping  methods.  Considerable 
areas  have  been  brought  under  cultivation  by  these  means.  Such 
underground  waters  are  also  being  developed  in  the  most  barren  and 
forbidding  portion  of  the  desert  and  used  for  washing  out  gold  by  the 
hydraulic  process. 

The  desert  is  rich  in  mineral  resources,  metals  in  the  hills  and  potash, 
soda,  borax,  and  other  salts  in  the  beds  of  dried-up  lakes.  The  scarcity 
of  water  retards  the  development  of  the  known  deposits  and  ignorance 
of  the  location  of  infrequent  springs  and  water  holes  on  the  part  of 
miners,  prospectors  and  explorers  claims  a  toll  of  death  every  year. 

Special  effort  has  been  put  forward  in  late  years  by  the  co-operative 
agencies  of  nation  and  state  to  locate  all  waters,  determine  their  quality 
for  use,  to  mark  their  positions  on  maps  and  erect  guideposts  directing 
the  thirsty  traveler  to  them. 
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From  August.  1917,  to  March,  1918,  the  desert  survey  covered  more 
than  30,000  square  miles*  during  which  356  guide  signs  were  erected. 

During  the  past  bienniura,  a.s  before,  the  ground  water  investigations 
were  conducted  by  Mr.  O.  E.  ^Meinzer,  geologist  in  charge,  Ground 
"Water  Division,  under  the  direction  of  N.  C.  Grover,  Chief  Hydraulic 
Engineer.     Mr.  Meinzer's  report  is  as  follows: 

REPORT  TO  THE  DEPARTMENT  OF  ENGINEERING  ON  THE  PROGRESS  OF 
THE  GROUND.WATER  INVESTIGATIONS  IN  CALIFORNIA  BY  THE  WATER 
RESOURCES  BRANCH  OF  THE  U.  S.  GEOLOGICAL  SURVEY  FOR  1916-1918, 
BY  O.  E.  MEINZER,  GEOLOGIST  IN  CHARGE,  DIVISION  OF  GROUND 
WATERS. 

The  most  important  new  project  that  was  undertaken  in  the  la&t  biennial  period 
was  a  survey  of  desert  watering  places  throughout  an  area  of  30,000  square  miles, 
extending  from  the  Mexican  border  northward  to  the  southern  part  of  Death  Valley, 
by  D.  G.  Thompson  and  J.  S.  Brown.  The  field  work  was  begun  in  August,  1917, 
and  completed  in  March,  1918.  Most  of  this  region  was  mapped  by  plane-table 
tnethoda  on  a  scale  of  1 :125,000.  Nearly  all  watering  places  in  the  region  wero 
examined  and  samples  for  analysis  were  taken  from  many  of  them.  Guides  tu 
watering  places  in  this  region  are  being  prepared  for  publication.  These  guides 
will  contain  dependable  maps  showing  the  relief  and  the  locations  of  the  watering 
places  and  connecting  roads.  Signposts  directing  to  watering  places  were  erected 
at  167  localities,  the  total  number  of  sign  plates  erected  being  356. 

On  account  of  the  conditions  produced  by  the  war,  the  field  work  on  dcnert  w^ater- 
ing  places  could  not  be  continued  through  the  year  191S,  but  it  is  hoped  that  after 
the  war  it  will  be  possible  to  extend  this  work  over  the  rost  of  the  desert  portions 
of  the  state,  and  to  make  a  resurvey  of  the  desert  region  at  regular  intervals  in 
order  to  keep  the  maps  and  signboards  up  to  date  and  to  make  necessary  repairs 
on  existing  signboards.  'ITie  experience  of  the  last  year  has  shown  that  this  work 
can  be  completed  and  maintained  at  very  moderate  cost.  It  is  believed  that  its 
value  to  the  people  of  the  state  is  out  of  all  proportion  to  its  cost. 

In  1918  a  large  part  of  the  ground- water  work  in  the  state  was  done  for  the 
purpose  of  assisting  the  War  and  Navy  departments  of  the  federal  government  in 
developing  the  largely  increased  water  supplies  that  were  made  necessary  by  the  war. 
This  war  work  was,  of  course,  given  preference  over  all  other  investigations. 

A  report  on  the  ground-water  supply  for  irrigation  in  the  Morgan  Ilill  area  in 
Santa  Clara  Valley,  by  \V.  O.  Clark,  has  been  published  as  Water-Supply  Paper 
400-E. 

A  report  on  ground  water  in  San  Jacinto  and  Temecula  basins,  by  G.  A.  Waring, 
has  been  completed  and  is  now  in  press  as  Water-Supply  Paper  429. 

A  comprehensive  report  on  the  geology  and  ground  water  resources  of  the  westeru 
slope  of  San  Diego  County,  by  A.  J.  Ellis  and  C.  H.  Lee,  has  been  completed  by 
the  authors  and  is  in  process  of  publication  as  Water-Supply  Paper  44(i. 

A  final  report  on  ground  water  in  Sacramento  Valley,  by  Kirk  Bryan,  has  also 
been  completed  and  is  in  process  of  publication. 

The  final  report  on  ground  water  in  Santa  Clara  Valley,  by  W.  ().  ('lark,  is 
nearly  completed.  Measurements  are  being  continued  on  water  levels  in  wells  in 
order  to  estimate  the  annual  recharge,  and  records  of  stream  flow  are  being  obtained 
at  several  points  on  Coyote  Creek  in  order  to  ascertain  the  amount  of  water  that 
seeps  into  the  ground  and  thus  to  obtain  a  check  on  the  estimates  based  on  fluctua- 
tions of  water  levels  in  wells. 

A  survey  was  begun  by  W.  O.  Clark  of  the  ground  water  in  Salinas  Valley. 
The  field  woric  in  this  valley  has  been  nearly  completed  but  the  report  based  on  this 
field  investigation  has  not  yet  been  prepared. 
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A  reconnaissancp  survey  of  grroand  water  conditions  in  Pahnunp,  Meaqnite, 
Ivanpah  and  Lanfair  Valley's  was  made  by  6.  A.  Waring  and  D.  G.  ThompsoD,  the 
results  of  which  are  to  be  published  as  a  contribution  to  hydrology.  A  part  of  the 
area  occupied  by  these  valleys  lies  in  Nevada. 

A  reconnaissance  survey  was  also  made  by  Messrs.  Waring  and  Tbompson  of 
the  ground  water  conditions  in  Mohave  Valley  and  in  several  smaller  valleys  in  the 
same  region.  The  results  of  this  survey  are  also  to  be  published  as  a  contlibatioo 
to  hydrology. 

In  connection  with  the  desert  watering-place  survey  by  J.  S.  Brown,  data  were 
collected  on  ai*tesian  water  conditions  and  on  the  prospects  of  developing  additional 
ground  water  supplies  in  Imperial  Valley  near  the  Mexican  border. 

Since  1900  measurements  of  depths  to  water  levels  in  a  series  of  wells  in 
southern  California  have  been  made  at  intervals  for  the  purpose  of  obtaining  a 
record  through  many  years  of  the  relation  between  the  contribution  to  the  ground 
water  reservoirs  during  the  rainy  seasons  and  the  withdrawals  from  them  during 
tho  dry  seasons  wlieu  ground  water  is  pumped  for  irrigation  and  is  withdrawn  in 
large  <iuantities  by  evaporation  and  transpiration.  Most  of  the  records  for  the 
period  prior  to  1900  have  been  published  in  Water-Supply  Papers  213  and  251. 
The  records  for  IDOJ),  1910,  and  1912,  together  with  a  brief  discussion  by  W.  C 
Mendenhall,  were  published  in  Water-Supply  Paper  331.  The  work  is  at  present 
being  carried  on  by  F.  C.  Ebert,  who  is  tabulating  all  available  water  level  data 
of  the  region  for  publication  in  a  water-supply  paper. 

IRRIGATION  INQUIRY. 

rnder  authority  of  the  law  establishing  the  Department  of  Engi- 
neering and  prescribing  its  duties,  agreements  are  entered  into  by  the 
State  Engineer  and  the  United  States  Department  of  Agriculture  for 
the  co-operative  investigation  of  problems  connected  with  irrigation. 
The  Ignited  States,  is  represented  in  these  matters  by  the  Irrigation 
Division,  Bureau  of  Public  Roads,  U.  JS.  Department  of  Agriculture. 

Mr.  Frank  Adams,  Irrigation  Manager,  has  continued  in  charge  of 
the  work,  which  is  under  the  direction  of  Dr.  Samuel  Fortier,  chief  of 
the  division.  Mr.  Adams'  detailed  report  will  be  found  under  appro- 
priate heading. 

In  former  reports  of  this  department,  it  has  been  repeatedly  held 
that  when  irrigation  shall  come  to  be  scientifically  applied  it  will  be 
found  that  in  many  cases  a  lesser  quantity  of  water  will  accomplish 
full  benefits,  and  if  the  application  were  restricted  to  actual  require- 
jncnts  there  would  be  a  saving  of  water  that  could  be  applied  to  other 
lands. 

The  experiments  on  the  State  Farm  at  Davis  have  demonstrated  that 
under  the  conditions  of  soil,  climate  and  cost  of  water  obtaining  at  that 
place,  the  application  of  more  than  30  inches  in  depth  of  water  to  alfalfa 
is  unprofitable,  and  that  when  48  inches  or  more  is  applied,  an  actual 
loss  occurs.  Yet  there  are  fields  of  alfalfa  where  natural  conditions 
are  similar  to  those  at  Davis,  upon  which  water  is  used  in  greater 
quantities,  entailing  a  substantial,  even  though  imsuspected,  loss  of 
production. 
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Such  excessive  use  of  water  is  mostly  due  to  lack  of  knowledge  of 
crop  requirements,  which  knowledge  it  is  a  function  of  the  co-operative 
research  being  conducted  to  ascertain  and  publish.  It  goes  without 
saying  that  when  the  irrigator  becomes  convinced  that  he  can  do  better 
with  less  water  than  he  has  been  accustomed  to  use,  he  will  reform  his 
practice. 

A  careful  reading  of  the  report  is  commended.  It  will  be  noted 
that  already  a  marked  increase  in  the  duty  of  water  for  irrigation  of 
rice  is  apparent.  In  localities  where  formerly  7.25  feet  of  water  were 
used,  results  equally  as  good  were  later  obtained  with  the  application 
of  5.50  feet. 

Several  instances  are  cited  wherein  claimants  of  water  which  had  not 
been  theretofore  fully  utilized  were  induced  from  patriotic  motives  to 
release  a  portion  of  that  water  for  the  production  of  war  crops  on  others' 
lands,  thus  making  a  considerable  addition  to  food  production  without 
^^reat  injury  to  those  who  temporarily  released  the  water. 

The  success  of  the  efforts  along  this  line  tis  detailed  in  the  report 
prompts  the  author  to  observe  that  it  **  indicated  in  a  broad,  general 
way  that  large  opportunities  exist  for  co-ordination  of  effort  and  reduc- 
tion of  waste  arising  from  nonuse  or  misuse  of  irrigation  water."  He 
believes  that  through  the  efforts  of  the  several  agencies  engaged,  there 
was  a  more  complete  and  more  economical  use  of  irrigation  water  than 
in  any  previous  year,  and  is  moved  to  ask:  **When  the  war  emergency 
is  passed,  can  public  s€»ntiment  be  kept  up  to  the  point  of  holding  to 
the  principles  found  workable  in  1918?''  lie  recommends  that  a  way 
he  found  to  continue  the  effect  of  the  emergency  order  of  the  Kailroad 
Commission  and  the  emergency  act  of  the  1917  legislature  under  which 
these  savings  were  accomplished. 

The  Department  of  Engineering  believes  that  public  sentiment  can 
be  so  held,  but  holding  to  the  ** principles  found  workable''  is  a  matter 
of  education,  and  to  educate  the  public,  i.  c,  the  water-using  public,  to 
accept  those  principles  is  the  object  sought  to  be  accomplished  by  the 
co-operative  research  under  discussion. 

The  question  now  arises :  Is  not  this  matter  of  suflScient  importance 
to  warrant  more  activity  in  educational  effort  to  inculcate  the  principles 
referred  to?  All  of  the  co-operating  agencies  are  anxious  to  extend 
their  work,  and  are  held  back  only  by  lack  of  funds. 

This  matter  is  commended  for  earnest  consideration,  and  appeal 
made  for  adequate  appropriation  to  enable  the  work  to  be  vigorously 
prosecuted. 

Some  features  of  the  report  may  be  hereinafter  referred  to,  but 
an^^icipating  that  the  reader  will  give  careful  perusal  to  the  entire 
report,  further  comment  at  this  time  is  withheld  and  the  report  pre- 
sented in  full,  as  follows ; 
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PROGRESS    REPORT    OF    CO-OPERATIVE    IRRIGATION     INVESTIGATIONS    IN 

CALIFORNIA,  1916.1918. 

By  Frank  Adams,  Irrigation  Manager. 

Introduction. 

During  the  past  two  years  principal  oo-operating  agencies  in  irrigation  inrestiga' 
tions  in  California  have  continued  as  heretofore,  namely :  Irrigation  Investigations, 
now  designated  as  Irrigation  Division,  U.  S.  Department  of  Agriculture;  California 
State  Department  of  Engineering;  College  of  Agriculture  of  the  University  of  Cali- 
fornia ;  and  California  State  Water  Commission.  In  special  studies  of  rice  irriga- 
tion we  have  continued  to  work  with  the  Biggs  Uice  Experiment  Station  of  the 
Cereal  Inventigations,  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agricoitnre. 
In  studies  of  irrigation  problems  of  particular  communities,  we  have  coD&ideiably 
increased  co-operation  with  the  farm  advisers  and  farm  bureaus  of  a  number  of 
the  counties,  chiefly  Shasta,  San  Joaquin,  El  Dorado,  Merced  and  Kern.  In  con- 
nection with  increased  food  production  in  the  interest  of  the  war  emergency  a 
substantial  measure  of  co-operative  effort  has  been  carried  on  with  the  United 
States  Food  Administration  for  California,  the  State  Council  of  Defense,  and  the 
State  Railroad  Commission. 

Reorganization  and  Persminel.  As  a  result  of  the  removal  of  headquarters  of 
the  Chief  of  the  Irrigation  Division  of  the  U.  S.  Department  of  Agriculture  from 
Washington  to  Berkeley  in  April,  1918,  immediate  supervision  of  co-operative  irriga- 
tion investigations  in  California  has  automatically  reverted  to  Dr.  Samuel  Fortier, 
Chief  of  the  Irrigation  Division.  The  writer  is,  however,  continued  in  immediate 
chaige  of  co-operation  with  the  College  of  Agriculture  of  the  University  of  CaJifomia 
and  of  certain  further  projects  within  the  state  in  connection  with  the  other 
co-operative  agencies  named ;  also  with  the  aid  of  Miss  Reid  M.  Venable,  office* 
assistant,  in  charge  of  all  records  and  data  gathered  through  the  California  work. 
Special  irrigation  studies  conducted  on  the  Universitj'  Farm  at  Davis,  heretofore  a 
part  of  tlie  general  co-operation  in  California,  are  now,  because  of  their  purely 
agricultural  character,  entirely  paid  for  from  College  of  Agriculture  funds  and  are 
therefore  not  considered  strictly  part  of  the  co-operative  work  and  hence  nut 
reported.  Mr.  C.  E.  Tait,  Senior  Irrigation  Engineer,  is  continued  iu  charge  of 
special  studies  in  southern  California. 

Irrigation  and  increased  War  Production. 

One  of  the  major  activities  of  our  work  during  the  past  two  seasons  has  been  that 
concerned  with  the  increase  through  irrigation  of  war  food  production.  In  these 
activities  Professors  S.  H.  Beckett  and  Frank  J.  Veihmeyer,  of  the  irrigation  inves- 
tigations staff  of  the  College  of  Agriculture,  have  taken  an  especially  important  part. 
The  following  indicates  iu  a  general  way  the  nature  and  extent  of  the  more 
important  of  these  activities  and  what  has  been  accomplished  through  them. 

(1)  On  April  17,  1917,  eleven  days  after  the  declaration  of  war,  called  a  state- 
wide conference  at  Berkeley  to  consider  increasing  the  part  of  irrigation  in  war  food 
production.  This  conference  was  attended  by  representatives  of  important  com- 
munity and  commercial  irrigation  enterprises,  by  the  Dean  of  the  College  of  Agri- 
culture of  the  University,  and  representatives  of  the  following  public  agencies 
interested  in  or  connected  in  an  admin it^trative  way  with  California  irrigation: 
State  Department  of  Engineering,  State  Water  Commission,  State  Railroad  Commis- 
sion, State  Irrigation  Board,  Division  of  Rural  Institutions  of  the  College  of  Agri- 
culture of  the  University  of  California,  and  California  Co-operative  Irrigation 
Investigations.  Principal  direct  ur  indirected  outcome:  Decision  No.  4278  of  the 
State  Railroad  Commission  removing  legal  restrictions  on  emergency  deliveries  of 
surplus  irrigation  water  by  utility  water  companies;  emergency  act  (Act  Na 
1732K,  1917  legislature)  drafted  by  the  Water  Commission  and  the  Railroad  Com- 
mission in  conference  w^ith  this  office  removing  legal  restrictions  from  emergency 
deliveries  of  irrigation  water  by  individuals  and  mutual  water  companies. 
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(2)  With  the  concnrrence  of  the  State  Bngineer  and  the  Attorney  General  an 
appeal  was  sent  through  the  State  Council  of  Defense  to  irrigation  districts  aiging 
emersency  irrigation  deliveries,  whenever  possible,  to  landowners  outside  of  districts. 

(3)  Held  numerous  conferences  with  the  principals  involved  in  a  controversy 
preventing  access  to  irrigation  water  by  Byron-Bethany  Irrigation  Company  (only 
partially  successful),  followed  by  plane-table  topographical  survey  of  2500  acres 
within  the  project  and  special  study  and  report  on  the  most  economical  preparation 
for  irrisation  of  the  land  involved. 

(4)  Instituted  iuvefiiigntion  resulting,  after  numerous  conferences,  in  co-opera- 
tion with  State  Council  of  DefenRo,  in  the  signing  of  a  stipulation  practically 
vacatingr,  for  the  iteriod  of  the  war  and  a  reasonable  time  thereafter,  an  injunction 
ioBoed  in  1903  against  the  opening  of  Lake  Land  flood  water  canal  from  Kings 
River,  capable  of  watering?  at  least  30,000  acres.  A  total  of  2000  acres  was  actually 
irrii^ated  under  this  stipulation  in  1917  and  at  this  writing  it  is  expected  that  a 
considerable  larger  acreage  will  be  benefited  next  season.  The  Lake  Land  Canal 
and  Irrigation  Company  built  a  new  permanent  concrete  weir  across  Cross  Creek, 
at  a  coat  of  about  $9,000.  to  handle  water  under  the  stipulation,  has  spent  about 
$6,000  additional  in  canal  improveiueuts,  and  will  do  further  work  at  a  cost  of 
about  $10,000  looking  to  readiness  for  1919.  The  stipulation  signed  permits  Lake 
Land  Canal  to  divert  water  when  the  flow  in  Kings  River  exceeds  8000  cubic  feet 
per  second.  As  this  figure  is  excessive,  an  effort  is  likely  to  be  made  by  the  parties 
interested  to  alter  the  stipulation  to  permit  diversions  at  any  time  there  is  waste 
water. 

(5)  Co-operated  with  State  Council  of  Defense  in  effort  to  hasten  irrigation  of 
lands  in  Solano  County  under  an  abandoned  promotion  enterprise.  No  important 
results  to  date. 

(6)  To-operated  with  motor  and  irrigation  machinery  supply  houses  in  San 
Francisco  by  which  a  ruling  was  obtained  from  the  War  Priorities  Board  through 
the  Federal  Food  Administration  for  California  permitting  the  obtaining  of  priority 
orders  for  motors,  engines,  and  pumps  needed  for  irrigation  of  essential  crops. 

(7)  Instituted  investigation  (July  to  August,  1917)  of  controversy  between 
jieople  of  Lake  County  and  Tolo  Water  and  Power  Company  involving  use  of  water 
of  Clear  Lake  for  irrigation.  This  was  the  basis  for  an  agreement  obtained  April, 
1918,  by  the  Federal  Food  Administration  for  California,  working  in  conjunction 
with  this  office,  by  which  10,000  acres  of  rice,  not  otherwise  possible  of  growth  in 
1918,  have  been  irrigated  with  an  estimated  yield  in  excess  of  300,000  bags  con- 
taining 30,000,000  pounds  of  rice.  Throughout  the  irrigation  season  this  project 
has  been  under  the  general  supervision  of  Professor  S.  H.  Beckett,  acting  in  this 
matter  as  a  represenutive  of  the  Food  Administration. 

(8)  Held  several  confenmces  with  farmers  and  ufiicials  in  Anderson-Cottonwood 
Irrigation  District  with  a  view  to  aiding  in  hastening  use  of  water  made  available 
by  Anderson-Cottonwood  Irrigati<m  District  Canal.  A  small  demonstration  project 
was  ondertaken  at  Redding. 

(9)  In  co-operation  with  Division  of  Rural  Institutions  of  the  College  of  Agri- 
caltnre  made  emergenc}-  survey  of  irrigation  resources  of  California  and  their  better 
utilization  during  the  war.     Briefly  this  indicated : 

(a)  A  probable  addition  of  100,000  acres  in  1917  to  the  normal  annual  increase 
in  the  irrigated  area  in  California. 

{b}  That  ainals  and  i)rincipal  laterals  were  already  constructed  to  water  an 
additional  500,000  acres,  with  construction  due  to  be  completed  by  1920  that  would 
make  irrigation  available  to  300,000  acres  more. 

(c)  That  reorganisation  and  consolidation  of  existing  irrigation  enterprises,  com- 
pletion of  irrigation  works  under  way,  efforts  toward  temporary  or  permanent 
adjustment  of  local  irrigation  controversies,  and  more  complete  and  more  careful 
Dltilisalion  of  normal  irrigation  supplies  have  all  been  definitely  8timu]at<>d  by  the 
war  emergency. 
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(10)  Made  field  survey  of  the  possibility  of  increasing  the  area  of  irri^ted  wheat 
in  California  in  both  1017  and  1918.  The  surrey  in  1917  indicated  that  a  consider 
able  opportunity  existed  in  Imperial,  San  Joaquin  and  Sacramento  valleys  for 
increasing  the  irrigated  wheat  acreage  of  California  as  a  war  measure,  but  that 
owing  to  local  attitude  toward  tlie  irrigation  of  wheat,  the  largest  increasi^  in  1918 
would  likely  be  in  San  Joaquin  Valley  south  of  Fresno.  The  suri'ej*  in  IJIIH,  made 
in  August  and  September,  showed  less  increase  over  1917  than  had  bet^n  expected. 

(11)  Made  a  field  investigation  of  opportunities  for  temporary  utilization  of 
water  wasted  into  Auburn  Uavine  from  power  plant  of  Pacific  Gas  and  Electric 
(,^ompany  and  gave  publicity  to  findings. 

(12)  Investigated  controversy  regarding  use  of  Clark  Ditch  in  El  Dorado  County 
and  aided  in  bringing  water  users  and  owner  together. 

(13)  Made  field  investigation  and  assisted  in  settlement  of  controven<y  over 
distribution  of  irrigation  water  in  Orangevale  colony. 

(14)  Investigated  grain  suffering  from  drought  under  irrigation  systems  in  Fresno. 
Tulare  and  Kings  counties,  and  joined  with  Fresno  County  Food  Administrator  in 
enlisting  co-operation  of  the  Food  Administration  for  California  in  obtaining  consent 
of  owners  of  alfalfa  farms  and  orchards  to  give  water  for  period  of  two  weeks  to 
.save  between  20,000  and  30,000  acres  of  wheat  and  barley.  (Sudden  high  water  in 
Kings  River  later  reduced  acuteness  of  this  situation.) 

(15)  Made  preliminary  financial  investigation  of  California  irrigation,  drainagp 
and  reclamation  projects  likely  to  undertake  substantial  expenditures  during  the  war 
period.  This  investigation  has  been  made  to  obtain  information  to  assist  in  reporting 
on  projects  at  the  request  of  the  Capital  Issues  Committee  of  the  Twelfth  Federal 
Hesen'e  District.  Subsequently,  more  complete  reports  were  made  on  request  of  the 
Capital  Issues  Committee,  through  the  Chief  of  the  Irrigation  Division,  on  fifteen 
of  these  entei'prises  in  northern  and  central  California. 

(10)  Acting  for  tlie  Food  Administration,  made  investigrations  of  water  shortage 
for  rice  under  Sacramento  Valley  West  Side  Canal  and  recommended  order,  sub- 
se<iuently  issued  by  the  State  Railroad  Commission,  placing  superrision  of  water 
distribution  under  the  entire  system  under  a  special  representative  of  the  Food 
Administration  and  the  Railroad  Commission  for  a  ten-day  period  during  the  mof^t 
acute  shortage.  Professor  Frank  J.  Veihmeyer  of  our  co-oi)erative  staff  acted  as  sucb 
special  representative,  general  supervision  then  being  shifted  to  the  County  Food 
Administrator. 

(17)  Acting  for  the  Food  Administration,  investigated  a  similar  water  shortage 
for  rice  in  Oakdale  Irrigation  District  and  rearranged  water  deliveries  to  meet  it. 

(18)  Acting  in  conjunction  with  the  Power  Administrator,  secured  the  releaf«e  of 
stored  water  for  the  irrigati<m  of  alfalfa  and  beans  in  Oakdale  and  South  San 
Joaquin  Irrigation  districts. 

(19)  Acting  for  the  Food  Administration  and  in  conjunction  with  Power 
Administrator,  curtailed  wasteful  use  of  water  in  both  Nevada  City  and  Grass  Valley, 
making  the  water  thus  saved  available  for  food  crops  under  the  Excelsior  Water 
and  Mining  Company's  system  in  the  Rough  and  Ready  section  of  Nevada  County: 
also  acting  for  the  Power  Administrator,  effected  an  economy  in  the  use  of  water 
in  mining  in  favor  of  the  genei*ation  of  hydroelectric  power. 

(20)  Acting  for  the  l*ower  Administrator  st^cured  an  agreement  to  conserve  irri- 
gation water  in  Browns  Valley  Irrigation  District  through  rotating  deliveries,  the 
saving  thus  effected  being  available  for  power. 

(21)  Acting  for  the  Food  xVdministration  and  the  Railroad  Commission  made 
adjustment  of  water  deliveries  in  El  Dorado  County,  under  Western  States  and 
Diamond  Ridge  Ditch  systems,  to  care  for  needs  of  essential  food  crops. 

(22)  xVcting  for  the  Food  Administration  and  the  Railroad  Commission  super- 
vised the  distribution  of  water  under  East  Side  Canal  in  Kern  County  during  special 
emergency  run  of  water  provided  to  insure  an  additional  crop  of  alfalfa  on  2370 
acres. 

(23)  Acting  for  the  Food  Administration  invi^stignted  a  proposed  grain  irrigatiou 
I»rojpct  under  the  Los  Augel»»s  aqueduct. 


HYDROECONOMICS — IRKIGATION  INQUIRY.  61 

(24)  Acting  for  the  Food  Administration  investigated  water  shortage  on  Butte 
and  Deer  creeks,  Butte  County,  and  advised  all  users  as  to  economies  needed  to 
save  essential  crops. 

(25)  Acting  for  Food  Administration  co-operated  with  the  Railroad  Commission 
and  the  Power  Administrator  in  arrnnj^ing  for  readjustments  of  water  diversions 
from  Feather  River  in  Butte  County  by  Sutter-Butte  and  Western  Canal  companies. 
This  action  was  taken  in  connection  with  an  acute  water  shortage  in  the  ri^e  fields 
irri^ted  from  Sutter-Butte  Canal  and  to  furnish  water  needed  to  irrigate  bean  land 
prior  to  plantings. 

(2<>)  Rendere<l  assistance  to  individuals  and  communities  in  laying  out  farm 
ditchei;  and  irrigation  pipe  lines,  installing  irrigation  pumping  plants,  and  pi-eparing 
land  for  irrigation.  This  work  was  especially  active  duriug  the  early  months  of  the 
war,  twenty-five  individual  cases  of  this  kind  being  handled  duriug  liilT,  these  cov- 
ering a  total  of  2500  acres,  and  serving  as  centers  of  interest  in  the  general  food 
prorluction  campaign  conducted  by  numerous  public  agencies. 

(27)  Investigated  water  shortage  for  rice  irrigation  west  of  the  borrow  pit  of 
Reclamation  District  No.  1(KS  in  Yolo  and  (  olusa  counties  due  to  scarcity  of 
waste  water  from  the  irrigated  areas  about  Colusa  and  north  in  Colusa  and  (vlenn 
counties. 

Grnvral  Conelu8ion«  Regarding  War  ActiviticH.  Such  work  as  we  have  been 
able  to  do  in  the  interest  of  increaRed  food  production  during  the  war  ])eriod  has 
indicated  in  a  broad  general  way  that  large  opportunities  exist  for  co-ordination  of 
effort  and  reduction  of  waste  arising  through  nuuuse  or  misuse  of  irrigation  water. 
I>ne  to  the  extreme  water  shortage  during  the  past  season  in  nearly  every  irrigation 
stream  in  the  state,  and  to  the  disinterested  activities  of  various  public  agencies,  such 
as  the  Food  Administration,  the  Railroad  Commission  and  the  State  Council  of 
Defense,  there  has,  it  is  believed,  been  a  more  complete  and  more  economical  use  of 
irrigation  water  than  in  any  previous  year.  While  in  some  cases  individuals  have 
pntriotically  suffered  some  monetary  loss  through  the  favoring  of  the  more  essential 
crofM  or  through  the  temporary*  diversion  of  water  from  alfalfa  or  orchards  to  rice, 
beans,  or  some  other  annual  crop  at  th(»  moment  requiring  water  if  it  were  to  be 
saved,  such  readjustments  as  have  been  made  have  not  in  general  resulted  in  great 
hardship.  In  normal  times  those  having  a  prior  right  to  water  and  using  it  care- 
fully can  not  he  exjiected  to  give  it  up  in  favor  of  others  merely  because  some  crop 
more  valuable  for  the  minute  can  thereby  be  saved.  But  the  experience  of  the  year 
should  be  given  emphasis  as  establishing  an  advance  in  the  imblic  point  of  view  toward 
the  right  of  individuals  to  waste  irrigation  water  merely  because  the  lower  standards 
of  earlier  times,  when  many  of  the  rights  were  acquired,  sanctioned  such  waste. 
Kspecially  do  the  cases  of  the  pumping  of  water  from  Clear  Lake  for  the  irrigation 
of  10,(X)<>  aci*es  of  rice  in  Yolo  County  and  of  the  virtual  setting  aside  for  the  war 
period  of  the  injunction  against  the  diversion  by  Ijake  Land  Canal  of  fio(Kl  waters 
of  Kings  River,  constitute  a  step  fonvard,  even  if  only  for  the  period  of  the  war. 
It  is  very  doubtful  if  any  substantial  damage  was  done  to  anyone  through  the  pump- 
ing from  Clear  I^ke  and  it  is  certain  no  damage  was  done  by  the  use  of  Kings 
Uiver  flood  waters.  These,  however,  an^  only  the  more  striking  instances  of  real 
consen*ation  of  irrigation  waters  through  actual  beneficial  use  that  have  been 
broui^ht  about  through  war  nec<^ssity.  The  important  question  now  is,  when  the 
war  emergency  has  passed,  can  public  sentiment  be  kept  up  to  the  point  of  holding 
to  the  principles  found  workable  in  1918 V  In  our  judgment,  a  way  should  be  found 
through  appropriate  legislation  to  continue  in  effect  the  substance  of  Emergency 
Decision  Xo.  4278  of  the  Railroad  Commission  and  Act  No.  1782A-  of  the  1017 
legislature. 

Co-operation  With  Farm  Advisors. 

The  work  done  under'  this  head  has  been  a  i)rominent  feature  of  our  activities 
during  the  past  two  seasons.  As  already  indicated  it  has  been  chiefly  with  the  farm 
advisers  of  Shasta.  San  Joaquin.  Kl  Dorado,  Merced,  Placer  and  Kern  counties. 
In  Placer,  El  Dorado,  Merced  and  Kern  counties  the  taking  over  of  the  existing 
irrigation  systems  by  the  landow^ners,  through  the  organization  of  irrigation  districts, 
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has  been  the  question  given  attention.  Investigations  in  El  Dorado  County  are  still 
under  way  by  Professor  F.  J.  Veihmeyer  and  in  Kern  Ck>unty  by  A.  L.  Fellows. 
Senior  Irrigation  Engineer.  A  reijort  advising  the  immediate  formation  of  an 
irrigation  dlBtrict  in  Merced  County  with  an  initial  area  of  175,000  acres  has  beea 
preparefi  in  conjunction  with  the  State  Engineer  and  is  now  before  the  irrigation  dis- 
trict committee  of  the  Merced  County  Farm  Bureau.  In  Placer  County  we  are  now 
co-opefating  with  the  Farm  Bureau  in  the  preparation  of  a  general  field  map  of  the 
irrigatod  and  irrigable  lands  under  the  irrigation  system  of  the  Pacific  Gas  and 
Electric  Company,  this  map  to  aid  in  advising  as  to  the  fea<)ibility  of  forming  an 
irrigation  district  there. 

Other  important  co-operation  with  farm  bureaus  has  been  as  follows : 

Shasta  Countih  Advised  as  to  diversion  dams  for  small  individual  irrigation 
systems  near  Ueddiug  and  as  to  use  of  drainage  waters  for  irrigation  in  Fall  River 
Valley.     This  work  was  done  by  Fred  C.  Scobey,  senior  irrigation  engineer. 

YolOy  Xapa,  •Sfonotna  and  San  Joaquin  Counties.  General  reconnaissance  of  irri- 
gation conditions,  advice  and  assistance  to  individual  irrigators  in  laying:  out  and 
preparing  land  for  irrigation,  irrigation  experiments,  irrigation  practice,  etc 

\fo%\tvrey  County.  Investigation  of  opportunity  for  forming  an  irrigati<Mi  district 
in  (^lark  Colony. 

Investigations  of  Use  of  Water  from  Kings  River. 

Incident  to  the  pending  organization  of  the  Kings  River  Conservation  District, 
the  State  Water  Commission  was  called  on  early  in  1918  to  measure  all  diversions 
from  Kings  Uiver  during  1918.  Our  office  has  co-operated  in  these  measurements 
through  furnishing  needed  automatic  water  registers.  It  was  obvious,  however,  that 
a  thorough  study  of  the  use  of  this  water  measured  by  the  Water  CommissioQ 
would  be  ncedetl  pro))erly  to  interpret  the  records  of  diversions,  and  we  have 
co-oi>erated  with  the  Water  Commission  in  this  by  having  an  agent  on  the  ground 
throughout  the  irrigation  season.  It  was  at  first  hoped  that  considerable  data 
could  l>e  gathei*ed  as  to  the  actual  use  of  water  in  many  individual  casea.  The  te^ 
rltory,  however,  proved  so  large  and  the  interests  on  the  river  so  varied  that  it 
was  soon  found  impossible  to  put  much  time  on  detail.  It  was  realised  that  the 
ultimate  irrigation  efficiency  is  not  likely  to  obtain  on  Kings  River  for  many  years 
but  it  is  obvious  that  if  the  water  is  to  be  made  to  perform  a  fuller  duty  than  at 
present,  and  the  duty  contemplated  for  the  Pine  Flat  Project,  many  water  economies 
will  have  to  be  inaugurated  1)y  the  various  diverting  and  distributing  ag^icies  akng; 
the  river.  With  this  thought  in  mind,  Mr.  Harry  Barnes,  the  field  agent  on  the 
work,  endeavored  to  ascertain  where  leakages  occur  and  what  corrective  measures  tre 
necessary  to  eliminate  them.  To  this  end  consideration  was  given  to  the  organiia- 
tion  and  administration  of  each  company,  the  cost  of  water,  methods  of  payment, 
and  the  general  relations  of  companies  and  consumers.  The  general  physical  con- 
dition of  canals  and  ditches  of  each  system  was  noted,  tiie  mileage  and  acieaipp 
involved,  and  the  system  of  maintenance  followed.  It  was  also  necessary  to  ascertain 
the  crops  irrigate<l  and  the  seasonal  demands  for  water,  methods  of  irrigation  followed 
and  the  reasons  therefor,  effect  and  extent  of  subirrigation,  and  the  general  conditions 
ns  regards  drainage.  Finally,  it  was  necessary  to  obtain  some  understanding  of  local 
water  rights,  intercompany  agreements,  and  litigation.  No  plans  have  been  made  to 
publish  Mr.  Barnes*  report  of  this  work,  it  being  intended  mainly  for  an  office  recoi«l 
for  public  agencies  interested. 

Irrigation  of  Rice. 

Investigations  of  rice  irrigation  have  continued  during  the  past  two  years,  dut.v 
of  water  studies  being  in  co-operation  with  the  State  Water  Commission  and  experi- 
ments in  irrigation  practice  being  partly  in  co-operation  with  the  Water  Conunission 
and  partly  in  co-operation  with  the  Bureau  of  Plant  Industry  of  the  Department  of 
Agriculture  at  their  Biggs  station.  Results  of  investigations  in  1918  are  not 
available  at  this  writing.  They  have,  however,  included  measurement  on  8iNi) 
acres   on    four   rice   farms   near   Norman    and   Maxwell   in    Sacramento   Vallev.  a 
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UppcT  figute.— Baar    River    Canal    below   Lake    SpaldinK.    Placer    County.  Landowner! 

*"        Lower  Eeuk.— Crocker- HuRman  Canal  in  Ihe  foothillt'of  Merced  County.  The  Ukin) 

ow  of  thi«  ayttem  ia  under   conlemplalion  by   Ihe   landowner!  around   Merced  Ihiough  thi 
formation  of  an  irrigation  diitrici. 
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Upper  ligutt.— Typiul  Itrieitcd  Iruck  girden.   San  Diego  County. 
Lower  Bcure. — HultipU-erch  dam.  La  Hfsa  Rasrvoir,  ntat  San  Diej 
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repetition  for  the  fifth  consecutive  year  of  the  Biggn  experiments  in  time  and  method 
of  applying  water,  and  a  duplication  of  these  experiments  on  some  of  the  so-called 
^^oose"  lands  near  Norman.  Rice  irrigation  studies  in  1918  have  been  carried  on 
by  Harlowe  M.  Stafford  under  the  general  supervision  of  Professor  S.  H.  Beckett 
.Results  of  measurements  of  duty  of  water  for  rice  in  1916  and  of  the  experiments  at 
Biggs  in  1914,  1915,  and  1916,  together  with  a  general  description  of  methods  of 
preparing  and  irrigation  rice  land  in  California,  have  been  published  as  Bulletin 
279  of  the  California  Agricultural  Experiment  Station,  by  lialph  D.  Robertson. 

Tbe  area  in  rice  in  California  in  1917  was  approximately  80,000  acres  and  this 
increased  in  1918  to  over  100,000  acres.  The  measurements  of  water  used  show  a 
definite  increase  in  economy,  the  average  depth  of  7.25  feet  applied  on  the  fields 
under  observation  in  1916  having  been  reduced  to  an  average  depth  of  5.5  feet  on  the 
twenty  fields  under  observation  in  1917. 

No  definite  arrangements  have  yet  been  made  regarding  publication  of  results 
recorded  since  1916,  the  time  of  further  publications  being  dependent  on  the  extent 
to  which  rice  irrigation. studies  are  to  be  continued  beyond  1918. 

Duty  of  Water  Investigations,  Yuba  and  Nevada  Counties. 

During  the  irrigation  season  of  1917  a  study  was  made  of  the  use  of  irrigation 
water  under  the  system  of  the  Excelsior  Water  and  Mining  Company  in  Yuba  and 
Nevada  counties,  the  expense  being  borne  jointly  by  our  office  and  the  water  com- 
pany and  consumers.  The  occasion  for  this  study  was  a  controversy  between 
company  and  consumers  as  to  a  fair  water  rate  to  be  cHarged  by  the  company.  A 
rate  higher  than  had  previously  been  in  effect  was  granted  by  the  Railroad  Com- 
mission, March  19,  1914.  Later  a  compromise  rate  of  10  cents  per  miner's  inch-day 
for  the  seasons  of  1915  and  1916  was  allowed  by  the  Commission  under  stipulation 
that  company  and  consumers  join  in  the  expense  of  an  engineer  to  make  determina- 
tions of  the  water  requirements  of  the  section.  The  work  covered  ten  fields,  three 
in  Pleasant  Valley,  four  in  Penn  Valley,  and  three  near  Smartsville,  and  was  done 
by  J.  B.  BroiKm,  representing  this  office.  These  fields  were  selected  with  a  view  to 
representing  the  different  soil  types,  crops  and  topographic  situations  in  the  three 
representative  areas.  Mr.  Brown's  report,  fully  illustrated  by  maps,  was  mimeo- 
graphed and  furnished  interested  parties  early  in  1918.  He  found  that  under  present 
practice  a  fair  general  duty  is  one  miner's  inch  to  3.25  acres,  or  an  average  net 
duty  of  2.5  acre-feet  per  acre,  80  per  cent  of  the  irrigated  area  being  in  meadow. 
General  recommendations  made  by  Mr.  Brown  called  for  substituting  a  10-day 
rotation  delivery  to  all  irrigators  for  the  varying  rotation  period  found  in  effect, 
for  insistence  on  adherence  to  the  schedule  adopted,  and  for  the  installation  of 
Ktandard  weirs  for  measuring  all  deliveries. 

A  Demonstration  Pumping  Plant  and  Pipe  Distribution  System. 

The  wide  use  of  underground  water  supplies  for  irrigation  in  California  has  led 
to  a*  high  tyi>e  of  pumping  equipment  in  certain  sections  of  the  state  and  a  distinct 
advance  in  practice  is  noticeable  ns  compared  with  a  decade  ago.  Unfortunately, 
liowever,  pumping  installations  are  most  fretjuently  made  by  local  dealers  in  pump- 
ing machinery  and  possible  economies  art*  not  always  looked  out  for,  especially  where 
pumping  for  irrigation  is  relatively  new.  A  similar  situation  exists  with  reference 
to  underground  pi])e distribution  systems.  A  demonstration  project  has  been  designed 
and  its  installation  supervised  by  Milo  B.  Williams,  Senior  Irrigation  Engineer,  on 
the  Herman  K.  Borg  ranch  three  miles  north  of  Yuba  City,  the  owner  furnishing  all 
labor  and  material  and  this  office  all  engineering.  In  addition  to  indicating  a 
modem  pumping  installation  for  the  development  of  underground  water  supplies 
and  demonstrating  the  design,  manufacture,  and  installation  of  an  up-to-date  con- 
crete pipe  distribution  system  for  both  orchards  and  field  crops,  the  project,  when 
fully  completed,  will  include  the  careful  laying  out,  levelling,  and  checking  of  land 
where  necessary,  in  accordance  with  a  thorough  ground  survey  and  good  irrigation 
practice.  A  water  supply  of  approximately  2000  gallons  per  minute  was  obtained 
from  two  12-inch  open-bottom  wells  84  feet  deep.    These  wella  were  individually 
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tested  and  the  pumping  equipmeut  designed  to  meet  the  conditions  found,  this 
design  calling  for  the  placing  of  a  direct  connected  horizontal  pump  13  feet  below 
ground  water  level  and  being  made  practicable  through  the  building  of  a  water-tight 
concrete  pit  midway  between  the  two  wells  and  connected  with  them  through 
sealed-off  tunnels.  The  concrete  pipe  for  the  distribution  system  was  manufactured 
by  the  wot-tamp  method  in  accordance  with  specifications  prepared  by  Mr.  Williams, 
a  typical  run  of  12-inch  pipe  failiug  to  break  under  a  test  of  44>  pounds  internal 
pressure,  and  the  20,U0<>-foot  installation  developing-  only  three  leaks  sufficient  to 
show  on  the  surface  and  require  repairing. 

Sewaoe  Irrigation. 

Studies  of  sewage  irri^^ation  in  California,  begun  by  Milo  B.  Williams,  senior 
irrigation  engineer,  in  101 G,  have  been  continued.  Topographic  surveys,  study  of 
sewage  requirements,  and  design  of  distributing  systems  wei*e  made  by  Mr.  Williams 
for  each  of  the  cities  of  Ontario,  San  Luis  Obispo,  and  Santa  Rosa.  The  first  two 
of  these  cities  have  made  installations  in  accordance  with  the  recommendations  pre- 
pared in  this  office  and  are  demonstrating  the  successful  distribution  and  utilization 
of  sewage  waters  through  pii>e  distribution  systems  of  modem  design.  A  visit  to 
the  sewage  farms  of  Ontario  or  San  liiiis  Obispo  is  alone  needed  to  show  the  deisin- 
bility  of  better  irrigation  engineering  in  the  laying  out  and  operation  of  sewBg* 
farms  than  has  heretofore  obtained. 

Concrete  Pipe  Investigations. 

California  leads  all  other  states  in  the  use  of  concrete  pipe  for  irrigation  purposes. 
There  are  approximately  lijO  independent  manufacturers  placing  pipe  on  the  market 
within  the  state.  The  demand  frcm  engineers,  manufacturers,  and  farmers  for  data 
regarding  the  making  and  uses  of  c*()ncrete  pipe  and  the  lack  of  such  knowledge  led 
this  office  to  start  a  projwt  in  March,  1017,  covering  a  careful  field  study  of  the 
manufacture,  classification  of  materials  being  used,  testing  of  pipe  made  by  different 
methods,  and  a  study  of  concrete  pipe  design  and  their  uses  for  irrigation  purposes, 
this  work  being  in  charge  of  Milo  B.  Williams,  senior  Irrigation  Engineer.  The 
testing  required  the  standardizing  of  testing  methods  and  field  (H]uipment  for  the  study 
of  pipe  resistance  to  internal  pressure  and  other  factors,  such  as  imperviousness. 
which  indicate  the  quality  of  structure.  The  project  was  continued  for  approxi- 
mately six  months,  during  which  time  a  series  of  tests  were  run  on  lO-inch  and 
12-inch  pipe.  The  results  brought  out  a  great  range  of  quality  and  strei^rth  in 
concrete  pipe  being  placed  on  the  market.  The  manufacturers  expressed  a  willing- 
ness to  furnish  pipe  for  extensive  continuation  of  the  work  in  order  to  obtain  data 
for  the  purpose  of  standardization  of  the  industry,  which,  in  many  instances,  has 
suffered  from  serious  failure  of  pipe  construction.  This  project  is  to  be  continued 
at  the  conclusion  of  the  war  and  the  investigational  work  c.irried  into  the  laboratory. 

Co-operation  with  State  Land  Settlement  Board. 

Our  force  has  been  call«Ki  on  from  time  to  time  for  investigation  of  tracts  under 
consideration  for  purchase  by  the  State  I^nd  Settlement  Board.  Since  the  purchaBe 
by  the  board  of  the  Durham  Colony  in  Butte  County,  Milo  B.  Williams,  senior 
irrigation  engineer,  has  had  personal  charge  of  irrigation  development  on  the  tract 
and  also  of  the  construction  of  an  adeciuate  drainage  system  to  remove  surplus  storm 
watei's.  In  connection  with  development  of  the  irrigation  system,  the  financial 
co-operation  of  all  ditch  owners  along  Butte  Creek  was  obtained  in  the  constructioo 
of  a  permanent  ctimmunity  diversion  dam  across  Butte  Creek.  Other  engineering 
work  has  consisted  of  the  subdivision  of  the  tract  into  farms  and  a  topographical 
survey  of  the  4500  acres  of  irrigable  land  to  a  five-tenths  foot  contour  interval.  The 
contour  sur\'ey  in  being  used  as  a  basis  for  irrigation  and  drainage  design  and  an 
individual  contour  map  is  furnished  each  settler  for  use  in  the  preparation  of  his 
land  for  water  application.  A  contour  key  map  is  l>eing  made  covering  all  subdivi- 
sions and  the  entire  water  system.  All  structures  are  being  installed  in  concrete  and 
concrete  pipes  will  be   used  extensively   for  irrigation   and  drainage  gates,  checks. 


Upper  figure. — Rectingular  mean 
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culvertSi  etc.     Pipe  ranging  in  size  from  10  inches  to  36  inches  in  diameter  is  being 
made  on  the  colony  under  specifications  issued  by  this  office. 

Miscellaneous  Investigations. 

In  addition  to  the  emergency  investigations  reported  under  war  activities,  numerous 
miscellaneous  studies  have  been  made  from  time  to  time  and  individual  advice  and 
assistance  given  in  connection  with  installation  of  individual  irrigation  pumping 
plants,  design  of  distribution  systems,  surveys  of  individual  or  community  reser\'oir 
sites,  etc.  One  of  the  more  important  of  the  miscellnneous  investigations  has  been 
one  by  Fred  C.  Scobey,  senior  irrigation  engineer,  dealing  with  supplemental  irriga- 
tion systems  for  range  stockmen  to  tide  over  periods  of  extreme  drought  like  that 
experienced  in  1918. 

Special  investigations  made  at  the  request  of  the  State  Engineer  included  investiga- 
tions of  proi)er  duty  of  water  and  irrigability  of  lands  in  the  proposed  extension  of 
Cardiff  Irrigation  District  along  the  coastal  plain  of  San  Diego  County ;  investigation 
of  water  supply  and  irrigability  of  numerous  suggested  sites  for  the  Pacific  CJolony, 
authorized  by  the  last  legislature ;  investigation  of  proposed  irrigation  reservoir  site 
and  irrigability  of  adjacent  lands  in  Placer  and  Nevada  counties. 

Special  Investigations  In  Southern  California. 

Mr.  C.  E.  Tait,  senior  irrigation  engineer,  in  charge  of  special  investigations  in 
southern  California,  has  submitted  the  following  summary  of  work  done  under  his 
immediate  direction  during  the  past  biennium : 

Special  irrigation  investigations  in  southern  California  have  pertained  mainly  to 
two  major  subjects,  the  investigation  of  silt  in  Colorado  River  and  the  Imperial 
Valley  canal  system,  and  the  utilization  of  Mojave  River  for  irrigation.  2kluch  time, 
however,  has  been  devoted  to  consultation  and  in  preparing  brief  statements  and 
reports,  some  of  which  required  investigations  in  die  field. 

Silt  Problem  in  Imperial  Vallcp.  The  investigation  of  the  silt  problem  in  Imperial 
Valley  was  undertaken  in  the  spring  of  1917  and  the  field  work  will  be  completed  by 
January  1,  1919.  The  purpose  of  this  work  has  been  to  obtain  data  which  should  be 
useful  in  the  construction,  operation,  and  maintenance  of  irrigation  works  for  silt- 
laden  waters.  Although  most  of  the  work  has  been  done  in  Imperial  Valley,  the 
investigation  has  not  been  confined  altogether  to  that  section  and  tests  are  being 
made  in  Yuma  and  Palo  Verde  valleys  as  well  as  at  different  points  on  Colorado 
River.  The  silt  problems  are  the  most  important  and  the  most  difficult  confronting 
the  water  users  of  Imperial  Valley.  Every  problem  of  any  consequenco  as  to  the 
future  of  the  irrigation  system  relates  to  the  ability  to  properly  handle  the  silt 
carried  by  Colorado  River  and  deposited  in  the  cinals.  The  proper  construction  and 
design  of  works,  the  control  of  the  river,  tlie  establishment  of  security  for  bonds,  the 
operation  and  maintenance  of  the  canal  system,  and  the  maintenance  of  proper  soil 
ronditions  for  agricultural  production  all  depend  on  success  in  handling  silt.  Other 
canal  systems  in  the  southwest  have  similar  problems  and  the  results  obtained  in  this 
work  should  have  general  application. 

This  investigation  is  in  co-operation  with  Imperial  Irrigation  District  and  the 
expense  has  1>een  about  equally  divided  between  the  district  on  the  one  side  and 
Co-operative  Irrigation  Investigations  on  the  other  side.  The  work  has  been  done 
lointly  according  to  an  approved  outline  which  provides  for  the  interchange  of  all 
data  now  being  obtained  as  well  as  data  obtained  by  the  parties  to  the  co-operation 
prior  to  the  present  investigation.  On  the  part  of  the  district  the  work  has  been  in 
chaige  of  J.  E.  Peck  of  the  engineering  staff.  The  district  appropriated  $4755  to 
cover  expenses  and  equip  a  labor.itory  at  Calexico.  In  addition  to  this,  the  district 
has  furnished  an  automobile  and  paid  all  running  expenses  for  the  use  of  its  engineer 
and  the  agents  of  this  division  engaged  in  the  work.  This  division  made  some  addi- 
tions to  the  laboratory  equipment  and  furnished  the  greater  part  of  the  field  apparatus 
such  as  water  samplers,  current  meters  and  surveying  instruments.  The  members  of 
our  force  engaged  on  the  work  have  been  II.  F.  Blaney,  11.  M.  Lukens,  F.  J. 
Veihmeyer  and  F.  I).  Bowlus. 
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Employees  of  the  irrigation  district  assisted  in  the  work  bj  taking  water 
at  various  points  on  the  main  canal.  Arrangements  were  also  made  with  the  mutOAl 
water  companies  of  Imperial  Valley  for  the  taking  of  daily  samples  on  the  distiibatiDg 
canals  by  their  lanjeros. 

The  U.  S.  Reclamation  Service  has  made  available  for  use  in  this  investigatioa  the 
results  of  tests  on  the  percentage  of  silt  in  Colorado  River  at  Yuma  conducted 
throughout  a  period  of  nine  years.  These  determinations  are  useful  for  compariaoD 
and  for  showing  the  variation  from  season  to  season. 

The  most  of  the  work  has  been  under  two  main  divisions  of  the  subject,  one  being 
to  determine  how  the  silt  and  sand  are  being  distributed  throughout  the  Imperial 
canal  system,  and  the  other  to  determine  the  carrying  capacity  of  silt  and  sand  for 
different  velocities  of  current. 

In  order  to  determine  the  distribution  of  the  silt  and  sand  throughout  the  canal 
system,  samples  were  taken  daily  at  18  different  stations  on  the  canals  for  one  year 
and  the  percentage  of  silt  was  determined  on  the  weight  basis  from  these  samples  by 
filtering  and  weighing.  This  part  of  the  work  is  completed  and  the  results  are 
tabulated. 

In  connection  with  the  studies  of  the  carrying  capacity  of  different  velocities,  many 
tests  are  being  made  on  canals  of  different  sizes;,  grades^  and  mean  velocities,  and  at 
different  seasons  giving  different  percentages  of  silt  in  the  water.  These  tests  show 
the  effect  of  depth  and  velocity  on  the  transportation  of  silt  and  sand  and  they  take 
account  of  size  of  particle  and  specific  gravity.  The  samples  are  taken  with  a 
sampler  especially  devised  for  taking  samples  at  any  depth  in  the  canal.  This  part 
of  the  work  will  be  continued  until  the  first  of  the  year. 

In  addition  to  these  main  divisions  of  the  work,  samples  have  been  taken  from 
Colorado  River  at  Topock,  near  Needles,  twice  monthly  for  one  year.  These  samples 
are  taken  at  different  depths  and  in  such  manner  that  the  results  are  comparable  to 
those  obtained  by  the  Reclamation  Service  at  Yuma. 

Mojave  River  Investigations.  The  investigation  of  conditions  on  Mojave  River 
was  begun  in  January,  1917.  About  that  time  the  Board  of  Supervisors  of  Sail 
Bernardino  County  was  called  upon  to  act  on  petitions  of  landowners  and  entrymen 
in  Victor  Valley  for  the  formation  of  two  irrigation  districts,  and,  desiring  more 
information  on  the  conditions,  our  office  was  requested  to  join  the  State  Department 
of  Engineering  and  the  county  in  a  joint  investigation.  For  this  purpose  the  Mojave 
River  Commission,  consisting  of  W.  F.  McClure,  State  Engineer;  J.  A.  Sourwine, 
County  Surveyor  and  Engineer  for  San  Bernardino  County,  and  the  writer,  was 
appointed  and  $3000  was  set  aside  by  the  county  to  be  expended  through  the  county's 
engineer  in  the  joint  investigation.  About  $2000  of  this  amount  was  used.  Tbe 
greater  part  of  the  field  work  was  done  during  the  first  half  of  1917  and  a  preliminaiy 
report  was  made  to  the  Board  of  Supervisors  in  August,  1917.  Since  that  time  some 
additional  field  work  has  been  done  and  a  more  complete  and  final  report  covering  the 
entire  investigation  is  now  being  printed  as  Bulletin  No.  5  of  the  State  Engineering 
Department.  F.  J.  Veihmeyer  and  Fred  D.  Bowlus  assisted  materially  in  the  field 
work.  C.  G.  Uaskell,  who  was  conducting  an  investigation  on  wells  throughout  the 
West,  co-operated  with  the  commission  on  the  work  in  Victor  Valley  and  the  data 
secured  by  Mr.  Haskell -was  made  available  for  the  report  on  Mojave  River. 

CONSERVATION  OF  FLOOD  WATERS  IN  COACHELLA  VALLEY. 

The  last  biennial  report  included  a  preliminary  report  prepared  by  this  office 
on  the  CouseiTation  and  Control  of  B^'lood  Waters  in  Coachella  Valley  (Bulletin  4, 
California  State  Department  of  Engineering).  This  report  made  recommendations 
for  the  spreading  of  the  flood  waters  of  Whitewater  River  over  the  debris  fan  below 
the  canyon  to  benefit  the  underground  water  supply  in  Coachella  Valley,  and  for 
the  examination  of  two  different  routes  for  a  flood  water  channel  through  the  valley 
from  Point  Happy  to  Sal  ton  Sea. 

One  of  these  routes,  that  on  the  northeast  side  of  the  valley  and  known  as 
Thousand  Palms  Canyon  Wash,  was  believed  from  the  data  then  at  hand  to  be  the 
better  of  the  two  possible  routes,  but  the  data  did  not  justify  final  recommendationa. 
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Other  ag«ndee  who  were  advising  the  Coachella  Valley  Storm  Water  District,  also 
the  district's  engineer,  recommended  the  other  route,  that  on  the  southwest  side  ot 
the  vallej,  and  for  a  time  there  was  much  difference  of  opinion  among  the  property 
owners  as  to  the  proper  plan  of  works. 

To  bring  about  harmonious  action,  the  question  was  referred  to  a  board  of  three 
engineers  having  no  previous  connection  with  the  matter.  These  engineers,  after 
making  preliminary  surveys,  made  recommendations  which  agree  with  those  of  this 
office,  both  as  to  the  spreading  of  water  as  a  conservation  measure,  and  as  to  the 
proper  route  for  the  flood  water  channel.  They  recommended  one  important  addi- 
tional feature  to  the  proposed  works  in  a  regulating  reservoir  for  the  flood  water, 
to  be  formed  by  the  construction  of  a  dam  across  the  Whitewater  channel  at  Point 
Happy. 

The  survey  shows  that  a  dam  40  feet  high  would  impound  8400  acre-feet.  With 
such  a  regulator,  the  flood  water  channel  through  the  valley  need  have  a  capacity  of 
only  3000  second-feet,  instead  of  about  10,000  second-feet,  that  would  otherwise  be 
required. 

The  estimated  cost  of  all  the  works  is  $dOO,000,  of  which  amount  $68,382  is  for 
the  dam  and  reservoir,  $109,244  is  for  the  flood  water  channel,  $10,000  is  for  spread- 
ing flood  waters,  and  the  remainder  is  for  contingencies.  The  district  has  voted 
a  bond  issue  of  $300,000  to  carry  out  these  plans.  In  accordance  with  the  recom- 
mendations in  Bulletin  No.  4  the  district  applied  to  the  government  for  the  reserva- 
tion of  some  of  the  public  land  along  Whitewater  Wash  for  use  in  water  conservation 
woHc  and  such  resenfttion  was  made. 

V9€  of  Water  for' Alfalfa  in  Imperial  Valley,  Field  studies  of  the  use  of  water 
for  alfalfa  in  Imperial  Valley  by  Frank  J.  Veihmeyer  and  the  writer,  begun  in  1914, 
were  completed  in  November,  1917,  and  a  report  is  now  being  prepared.  Six  repre- 
sentative alfalfa  fields  were  under  observation  and  measurements  were  made  on  eight 
tracts  on  these  fields.  The  least  amount  of  water,  a  depth  of  3.85  feet,  was  used  on 
clay  soil,  while  the  dune  sand  soil  received  a  depth  of  6.53  feet.  While  the  use  of 
water  is  determined  primarily  by  the  soil  type,  the  measurements  show  that  the  care 
ased  in  preparation  of  the  land  for  irrigation,  the  size  of  the  **land8"  or  diecks,  and 
care  in  applying  water  greatly  influence  the  annual  requirements.  It  was  found  that 
the  amount  of  silt  carried  onto  the  land  also  materially  affected  the  amount  of  water 
required.  In  addition  to  the  measurements  of  amounts  of  water  applied  the  dis- 
tribution of  the  moisture  in  the  soil  was  determined  and  also  measurements  of  the 
deposition  of  the  silt  carried  in  by  irrigation  water  on  different  portions  of  the  fields 
were  made. 

Miscellcneou8  Investigations,  In  addition  to  these  two  major  subjects,  brief  reports 
were  prepared  as  follows : 

In  July,  1918,  a  report  was  made  at  the  request  of  the  State  Engineer  on  the  water 
supply  and  water  rights  in  San  Jose  Creek  Valley,  where  the  Pacific  Colony  had 
under  consideration  a  site  for  the  institution.  In  September  following  a  supplemental 
report  was  made  giving  discharges  and  other  data  on  pumping  plants  along  the 
San  Jose  Creek  as  desired  by  the  State  Engineer.  The  field  work  In  this  connection 
was  done  by  Mr.  Bowlus. 

In  September,  1917,  a  report  was  made  to  the  Federal  Land  Bank  at  Berkeley  on 
the  water  supplies  for  the  Irrigation  of  lands  of  16  applicants  for  loans  in  the 
southern  part  of  Antelope  Valley.  In  August,  1918,  a  general  report  on  the  under- 
ground waters  of  Antelope  Valley,  including  all  portions  of  the  basin,  wae  made  to 
the  Federal  Land  Bank. 

In  August,  1918,  together  with  the  State  Engineer,  a  report  was  made  on  the 
power  and  irrigation  project  of  the  Volcan  Land  and  Water  Company  in  San  Diego 
County,  this  being  understood  to  be  for  the  Capital  Issues  Committee. 

In  August,  1918,  an  opinion  was  prepared  on  the  effect  of  waste  water  from 
flowing  wells  on  the  water  supply  in  Orange  County.  This  was  for  the  County  Farm 
Adriaer  and  the  Council  of  Defense. 

In  September,  1918,  together  with  Mr.  Bowlus,  a  report  was  prepared  for  the 
Capital  Issues  Committee  on  the  power  and  irrigation  project  of  the  Sespe  Light  and 
Power  Company  in  Ventura  County. 
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In  October,  19X8,  a  report  was  prepared  for  the  Capital  lasaes  Committee  on 
Imperial  Water  Company  No.  3. 

At  the  request  of  the  board  of  directors  of  the  Santa  Ana  Irrigation  Company  of 
Orange  County,  a  preliminary  oxauiiuation  has  been  made  to  recommend  the  type  for 
headworks  for  the  company's  canal  on  Santa  Ana  River.  As  soon  as  time  will 
permit,  it  is  the  intention  to  make  a  more  thorough  and  broader  examination  as  the 
matter  involves  a  number  of  other  considerations,  including  the  possibility  of  a  joint 
dam  and  headworks  with  the  Anaheim  Union  Water  Company  and  the  protection 
from  floods  of  the  Orange  County  highway  and  railroad  tracks  which  follow  the 
banks  of  the  river. 

Irrigation  District  Legislation. 

Probably  no  law  on  the  statute  books  is  more  amended  than  the  California  Irriga- 
tion District  Act.  Members  of  our  force  have  continued  to  give  attention  to  the 
improvement  of  this  law  and  in  this  connection  have,  when  called  on,  worked  with 
the  California  Irrigation  Districts  Association  and  with  tlie  irrigation  committees  of 
the  legislature.  There  is  obviously  need  for  general  revision  of  the  California  Irriga- 
tion District  Act,  but  it  has  been  our  conclusion  that  this  general  revision  should  not 
l>e  undertaken  until  the  act  becomes  more  fully  worked  out.  This  is  because  each 
succeeding  legislature  has  before  it  numerous  changes  of  more  or  less  detail  to  meet 
particular  situations  that  arise,  and  a  general  revision  now  would  not  be  permanent. 
There  has  been  a  very  noticeable  tendency  among  some  of  the  newer  irrigation  dis- 
tricts to  ask  for  amendments  that  would  make  the  formation  and  financing  of  district 
onnier.  Rt^membering  the  earlier  hi3tor>'  of  California  irrigation  districts  and  the 
subsequent  history  in  other  western  states,  it  has  seemed  prudent  to  members  of  our 
fovce  in  touch  with  the  situation  to  be  exceedingly  cautious  in  moving  in  that  direc- 
tion. The  older  California  irrigation  districts  have  established  themselves  a3  sound 
financial  investments  and  any  inaction  might  be  very  injurious  to  worthy  and  sound 
district  enterprises  yet  to  be  organized.  It  is  our  belief  that  our  safe  course  is  to 
imi)ose  suitable  restrictions  on  doubtful  projects  but  leave  the  way  open  and  furnish 
every  encouragement  to  enterprises  economically  and  physically  feasible. 

In  our  judgment,  the  California  Irrigation  District  Act  should  not  permit  the 
organization  of  irrigation  districts  where  a  majority  of  the  substantial  interests 
involved  are  unfavorable.  Several  districts  of  this  type  have  been  organized  in  Cali- 
fornia during  the  past  few  years,  and  although  no  bonds  have  been  authorized  by  the 
Irrigation  District  Bond  Commission,  sufficient  expenditures  in  some  cases  have  been 
made  and  assessments  levied  therefor  to  create  a  considerable  burden  on  some  of  the 
landowners.  This  could  have  been  prevented  if  the  Department  of  Elnglneering  had 
been  given  authority  to  pass  on  preliminary  financing  and  on  the  nature  and  extent 
of  preliminary  engineering  investigations  after  organization,  or,  better  still,  if  the 
Department  of  Engineering  could  have  been  provided  with  funds  and  itself  have  made 
these  preliminary  investigations,  with  power  to  veto  the  organization  if  fonnd  not  to 
l»e  practicable  or  feasible  at  this  time. 

It  is  believed  that  the  time  is  coming,  if  it  is  not  already  here,  when  the  crops 
being  chiefly  grown  in  irrigation  districts  must  affect  the  maturity  of  the  bonds  to  be 
issued.  With  this  fact  in  mind,  it  is  suggested  that  section  30(X  of  the  California 
irrigation  district  act  be  amended  by  adding  proper  maturity  of  the  bonds  to  be 
voted  to  the  matters  on  which  the  irrigation  district  bond  commission  shall  state 
generally  its  conclusions  when  passing  on  proposed  works. 

In  our  judgment,  one  of  the  most  progressive  steps  open  in  matters  of  irrigatioD 
district  organization  is  the  making  of  preliminary  investigations  of  proposed  districts 
at  the  expense  of  the  state.  The  time  to  guide  these  enterprises,  and  to  co-ordinate 
and  consolidate  the  different  points  of  view  inevitably  present,  is  when  they  are 
starting,  and  the  interest  of  the  state  in  not  only  holding  back  unwise  ventures  but 
above  all  in  fostering  desirable  projects  is  paramount  to  all  other  Interests.  Worthy 
and  feasible  projects  are  held  back  through  lack  of  state  aid  and  advice  at  the  early 
stages  when  most  needed. 

Much  thought  has  been  given  in  California  and  in  other  western  states  to  the 
matter  of  state  control  of  irrigation  districts,  and  a  larger  measure  of  such  control 
has  been  granted  in  California  than  in  any  of  the  other  states.     A  change  in  sentiment 
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in  this  matter  is  plainly  noticeable.  Where  a  few  years  ago  some  of  the  older  districts 
and  some  of  the  prominent  engineers  dealing  with  irrigation  districts  were  opposed  to 
any  state  control  whatever,  a  well-defined  desire  for  such  control  now  exists.  In  other 
words,  the  state  is  coming  to  be  recognized  as  the  best  friend  the  districts  have,  and 
sound  thought  has  come  to  realize  that  without  a  substantial  measure  of  state  control, 
the  beneficial  participation  of  the  state  through  the  Department  of  Engineering  or  the 
College  of  Agriculture  or  the  Irrigation  District  Bond  Commission  could  not  be  sup- 
plied. In  these  days  of  active  irrigation  district  organization  in  California,  we  believe 
no  mistake  can  possibly  be  made  by  giving  to  the  state  an  increasing  responsibility  and 
an  increasing  measure  of  engineering  and  financial  control.  Merely  a  limited  measure 
of  state  control  leads  the  public  to  a  presumption  of  state  approval,  which  is  clearly 
much  more  undesirable  than  no  state  supervision  whatever. 

Land  Settlement  Problems;  Federal  and  State  Co-operation. 

Since  land  settlement  became  a  problem  in  California  some  five  or  six  years  ago, 
our  force  has  been  interested  in  and  has  given  considerable  attention  to  the  question. 
Co-operation  with  the  State  Land  Settlement  Board  has  already  been  referred  to. 
The  broad  land  settlement  program  recently  inaugurated  by  Secretary  of  the  Interior 
Franklin  K.  Ijane  suggests  future  activities  in  California  in  which  the  Co-operative 
Irrigation  Investigations  arc  bound  to  be  interested.  The  purchase  and  settlement 
in  the  state  of  farm  lands  in  colony  groups,  as  already  begun  by  the  State  Land 
Settlement  Board  at  its  initial  colony  at  Durham,  is  indicative  of  a  larger  program 
along  similar  lines  quite  sure  to  follow.  The  question  arises,  however,  are  there  not 
worthy  and  desirable  irrigation  and  reclamation  projects  in  California  where  the 
settlement  already  accomplished  makes  the  present  state  program,  even  if  extended 
through  the  working  out  of  Secretary  l4iue*s  program,  insufficient  to  meet  all  of  our 
needs?  It  is  our  belief  that  there  are  such  projects  in  California  and  that  under 
adequate  limits  on  speculation  at  the  expense  of  the  ultimate  purchaser  of  the  lands, 
the  use  of  the  credit  of  both  the  state  and  the  federal  governments  is  both  needed 
and  justified  in  their  financing.  Past  reclamation  experience  in  this  country  is  suffi- 
cient, even  if  it  were  needed,  to  prove  that  where  the  public  credit  is  used  in  irriga- 
tion and  land  settlement  projects,  the  ultimate  settler  must  be  protected  against 
excessive  land  prices.  In  our  judgment,  the  use  of  botli  state  and  federal  credit, 
under  proper  restrictions  and  ade<iuate  control  of  construction  and  management, 
would  be  justified  for  such  enterprises  as  Imperial  Irrigation  District,  the  pending 
conservation  district  at  Fresno,  the  proposed  irrigation  districts  on  San  Joaquin  and 
Kern  rivers,  and  the  proposed  Iron  Canyon  project  in  Sacramento  Valley.  Obviously, 
however,  these  are  all  too  big  and  all  already  too  far  developed,  either  as  dry  land 
communities  or  as  operating  irrigation  systems,  to  make  possible  the  settlement  of  all 
of  the  land  by  the  state  or  the  nation.  Furthermore,  the  settlement  of  such  enter- 
prises  can  only  be  accomplished  after  many  years  of  relatively  slow  development 
This  makes  the  saving  to  the  settler  merely  in  the  lower  interest  rate  public  credit 
would  give  a  matter  of  great  moment.  Above  all,  however,  the  use  of  state  credit 
would  enable  these  larger  projects  to  develop,  even  if  only  slowly,  whereas  without 
such  state  credit  the  construction  of  the  storage  works  needed  for  full  utilization  will 
be  difficult  to  finance.  The  problem  is  to  develop  a  policy  that  will  make  such  aid 
practicable  and  at  the  same  time  carry  along  with  it  a  safe  land  settlement  plan 
adapted  to  projects  of  varied  ownership  and  interest  and  of  too  great  size  to  form  a 
single  settlement  group.  This  in  itself  will  require  adherence  to  the  essential  features 
of  the  land  settlement  i>olicy  being  developed  in  California  at  the  state  colony  at 
Durham  and  in  a  larger  way  being  outlined  under  the  leadership  of  Secretary  Lane. 
Certainly  in  whatever  plan  is  worked  out  a  considerable  measure  of  state  participation 
is  inevitable  if  the  best  interests  of  the  state  are  to  be  realhied.  Certainly,  also,  the 
making  of  real  opportunities  on  the  land,  where,  with  small  initial  payments,  qualified 
nettlers  can  earn  the  cost  of  their  farms  and  their  living  out  of  the  soil,  will  be  a 
governing  essential  of  the  program  To  follow  any  other  course  would  be  only  to  dis- 
regard completely  the  lessons  past  irrigation  and  reclamation  experience  has  furnished. 
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CONFLICT  OF  INTERESTS. 

Irrigation.  Under  the  head  of  ** River  "Work,"  mention  was  made 
of  investigations  tliat  were  made  by  the  Department  of  Engineering  to 
ascertain  the  quantity  of  water  taken  from  the  Sacramento  River  for 
irrigation.  Attention  is  invited  to  the  table  accompanying  that  discus- 
sion,  which  ^ives  a  list  of  all  pumping  plants  along  the  river  between 
Tehama  and  Knights  Landing^  together  with  much  detail  concerning 
each  plant. 

Prom  the  data  furnished  by  the  table,  it  is  deduced  that  the  total 
pumping  capacity  of  all  of  the  plants  is  about  2600  cubic  feet  per  second. 
The  time  of  operation  varied  from  a  few  hours  for  some  plants  t^  five 
or  six  months  for  others.  During  the  summer  of  1918,  the  quantity 
of  water  pumped  by  all  of  the  plants  aggregated  529,852  acre-feet 
which  was  58  per  cent  more  than  was  pumped  from  the  river  in  1917. 

The  increase  was  due  almost  wholly  to  the  increa^  in  area  of  lands 
devoted  to  rice  culture. 

During  the  time  the  greatest  quantity  of  water  was  being  withdrawn 
the  flow  in  the  river  was  measured  at  Colusa  and  found  to  be  2185 
second-feet. 

The  acreage  to  which  the  529,852  acre-feet  of  water  were  applied  is 
not  known.  There  are  approximately  3,500,000  acres  of  land  in  the 
Sacramento  Valley,  plains  and  foothills,  of  which  more  than  2,500,000 
acres  can  be  considered  irrigable.*  At  the  time  the  above  figures  were 
published  in  1912,  it  was  estimated  that  about  169,000  acres  in  the 
valley  and  adjacent  Sierra  foothills  were  being  irrigated.  A  large 
increase  in  the  irrigated  area  has  been  made  since  those  figures  were 
compiled,  but  information  as  to  the  amount  of  land  now  under  irrigation 
is  not  at  hand.  It  is  not  believed,  however,  that  more  than  10  per  cent 
of  the  land  susceptible  of  irrigation  is  being  supplied. 

Gaging  stations  are  maintained  on  the  river  and  each  of  its  principal 
tributaries  where  they  enter  the  valley,  and  the  records  show  that  the 
average  quantity  of  water  flowing  into  the  valley  is  about  27,000,000 
acre-feet  a  year.  The  quantity,  if  it  could  all  be  applied,  would  cover 
the  irrigable  lands  to  a  depth  of  more  than  ten  feet,  but  unfortunately 
most  of  it  comes  in  flood  flows  and  must  always  go  to  waste,  leaving 
but  a  trickling  stream,  comparatively,  to  supply  the  lands  at  the  time 
they  most  need  it. 

It  is  quite  apparent,  then,  that  if  the  irrigated  area  shall  be  extended 
as  in  the  past,  unless  the  summer  flow  can  be  augmented  in  some  way, 
only  a  very  short  time  will  elapse  until  the  river  flow  will  be  entirely 
exhausted,  and  that  with  only  a  small  part  of  the  valley  irrigated. 

•Report  of  Conservation  Commission,  1912. 


HYDROBCONOMICS — CONFLICT  OP  INTERESTS. 


71 


Naxngaiion.  The  Sacramento  River  is  recognized  by  the  United  States 
government  as  being  na^ngable  to  Red  Bluff,  254  miles  above  its  mouth, 
at  certain  seasons  of  the  year,  and  to  Chico  Landing,  202  miles,  at  all 
Reasons. 

The  control  of  the  river  for  navigation  is  exercised  by  the  War 
Department.  For  many  years  the  government  has  maintained  a  work- 
ing force  on  the  river,  whose  efforts  are  directed  toward  maintaining 
a  navigable  depth  of  seven  feet  in  the  lower  river,  four  feet  between 
Sacramento  City  and  Colusa,  and  three  feet  to  Chico  Landing. 

The  appropriations  by  the  L^nited  States  for  maintaining  navigable 
conditions  on  the  river  since  1875  have  amounted  to  about  $1,500,000, 
while  the  state  has  expended  more  than  a  million  dollars  for  the  same 
purpose. 

Aa  a  result  of  the  efforts  of  nation  and  state  to  provide  navigable 
depths  of  water,  steamers  ply  up  and  down  the  river  regularly  through- 
out the  year.  There  are  drawbridges  across  the  river  above  Sacramento 
at  Knights  Landing,  Meridian  and  Colusa,  where  records  are  kept  of  the 
number  of  times  the  draws  are  opened  for  the  passage  of  vessels. 

For  the  fiscal  year  ending  December  31,  1916,  the  number  of  craft 
registered  as  passing  these  bridges  was  as  follows  :• 
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L&ndlnff 


Meridian 


Steamboats 

OasoUne  boats  . 
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The  above  figures  do  not  include  vessels  pa-ssing  which  did  not  require 
the  draws  to  be  opened. 

Commerce  on  the  Sacramento  River  increased  from  477,292  tons  in 
1912  to  875,780  tons  in  1916,  nearly  doubling  in  tonnage  in  five  years. 
Above  the  city  of  Sacramento  boats  carried  146,720  tons  in  1915  and 
168,157  tons  in  1916,  an  increase  of  14J  per  cent  in  one  year.  The 
figures  for  later  years  are  not  yet  published,  but  undoubtedly  they  show 
a  continuing  increase  of  water-borne  traflBc. 

At  the  time  the  river  reached  its  lowest  stage  last  summer,  when 
only  2185  second-feet  were  repristered,  which  condition  was  brought 
about  by  the  withdrawal  of  water  for  irrigation,  no  complaints  were 
made  on  that  account  by  the  navigation  interests  operating  on  the  river, 
but  the  government  was  compelled  to  dredere  channels  across  bars  which 


•Annual  report.  Chief  of  Knglncers.  U.  S.  Army,  1917, 
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had  formed  below  the  eonflnence  of  the  American  River,  both  above 
and  below  the  city  of  Sacramento. 

Notwithstanding  that  complaints  have  not  yet  been  made  against 
the  irrigators,  it  is  quite  evident  that  if  withdrawals  of  water  from 
the  river  are  to  be  increased  every  year,  the  time  will  soon  come  when 
there  will  not  be  sufficient  water  for  the  needs  or  navigation. 

The  Impending  Conflict.  The  Department  of  Engineering  has  long 
seen  the  approaching  conflict  between  the  interests  of  agricultural  pro- 
duction requiring  water  for  irrigation,  and  the  interests  of  navigation 
which  must  have  the  same  water,  or  a  part  of  it,  upon  which  to  transport 
the  commerce  of  the  valley. 

Water  is  recjuired  to  produce  crops  and  water  is  useful  to  transport 
those  crops  to  market  at  a  figure  that  will  leave  a  profit  to  the  prodncer. 
The  rates  for  transportation  on  the  river  are  generally  lower  than  by 
rail,  unless  in  instances  where  the  railroad  charges  have  been  reduced 
to  meet  the  water  rates. 

The  dt'partment  has  taken  occasion  to  suggest  that  close  study  should 
be  made  with  a  view  of  determining  just  how  irrigation  can  be  devel- 
oped to  the  fullest  extent  without  destroying  or  impairing  the  great 
asset  the  valley  possesses  in  its  cheap  means  of  transportation. 

Department  engineers  have  devoted  considerable  study  to  the  subject, 
but  as  their  time  i.s  well  occupied  with  the  routine  of  their  respective 
duties,  none  have  had  the  time  to  give  it  the  intensive  and  extensive 
study  the  subject  requires. 

It  is  known  that  opportunities  exist  for  storage  of  surplus  waters 
by  construction  of  reservoirs  in  the  mountains.  Some  data  has  been 
accumulated  from  time  to  time,  and  it  is  believed  that  sites  not  yet 
examined  can  be  found. 

There  is  some  doubt  that  enough  storage  capacity  can  be  found  which 
will  enable  the  entire  valley  to  be  irrigated,  but  certainly  if  all  available 
sites  were  utilized,  it  would  enable  a  very  great  extension  of  irrigation 
to  bo  made  without  impairing  other  interests. 

In  this  connection,  attention  is  invited  to  the  Report  on  Pit  River 
Ba.sin,  by  the  V.  S.  Reclamation  Service  in  co-operation  with  the 
Department  of  Engineerincr,  1915,  and  the  i^eport  on  the  Iron  Canyon 
Project  by  the  Reclamation  Service,  together  with  a  report  of  a  board 
of  review,  reviewing  said  report,  1914.  The  review  referred  to  is  pub- 
lished herewith  as  Appendix  **B." 

The  survey  of  Pit  River  Basin  discovered  a  site  where  a  90-foot  dam 
would  store  650,000  acre-feet  of  water.  The  Iron  Canyon  Project  report 
shows  the  possibility  of  storing  650,000  acre-feet. 

The  consummation  of  both  or  of  either  project  would  go  a  long  way 
toward  ameliorating  the  conditions  threatening. 
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But  the  construction  of  great  reservoirs  and  the  accessory  works  to 
utilize  them  is  enormously  expensive  and  can  not  be  undertaken  by 
private  or  small  community  enterprises. 

It  seems  the  time  has  arrived  when  thorough  investigations  should 
be  made  by  the  state  to  ascertain  what  assets  it  possesses  capable  of 
conserving  its  waters  so  necessary  for  the  important  industries 
depending  upon  them. 

It  is  urged  that  the  Department  of  Engineering,  by  reason  of  its 
organization  and  equipment,  is  the  natural  agency  through  which  the 
required  information  should  be  obtained.  Attention  is  invited,  too, 
to  the  fact  that  a  large  part  of  the  normal  force  of  engineers  employed 
by  the  department — experts  in  the  matters  named  above — are  away 
with  the  army.  Soon  after  peace  is  secured,  they  will  be  returning, 
and  their  services  will  be  available  if  funds  and  authority  are  given 
for  their  employment  in  this  work. 

Unless  well  directed  eflPort  shall  be  made,  it  is  greatly  feared  that 
the  conflict  of  interests  above  set  forth  will  reach  a  point  where  loss 
and  irreparable  injury  will  result  to  all. 

These  matters  are  earnestly  commended  for  consideration  by  the 
executive  and  legislative  branches  of  the  state  government. 

IRRIGATION  DISTRICTS. 

Following  the  enactment  of  the  so-called  Wright  Act,  within  eight 
years  49  irrigation  districts  were  created.  Few  or  none  had  been  care- 
fully considered  before  being  organized.  Some  had  but  little  if  any 
water  available,  and  no  knowledge  of  the  requirements  of  irrigation 
or  the  cost  of  providing  works. 

As  a  consequence  of  the  unfavorable  conditions  attending  their  birth, 
few  reached  adolescence.  Indeed,  only  nine  of  the  entire  number  are 
in  operation  today.  Some  of  these,  after  many  and  long  struggles, 
succeeded  in  effecting  compromises  with  their  creditors  at  figures 
ranging  from  28  to  75  cents  on  the  dollar  of  indebtedness,  refunded 
their  bonds,  have  secured  their  water,  built  the  works  and  became 
prosperous. 

One,  Walnut  District,  never  incurred  debt  and  has  had  no  trouble. 
Others  have  maintained  existence  but  in  a  somnolent  condition,  and 
have  not  yet  awakened.  One.  Happy  Valley,  Issued  no  bonds,  acquired 
no  property,  and  was  considered  dead,  but  two  years  ago  it  was  revived 
by  an  act  of  the  legislature  legalizing  its  organization,  since  which  it 
has  arranged  to  purchase  a  system,  enlarge  it  to  the  district's  needs, 
and  has  voted  to  issue  $615,000  in  bonds  for  its  purposes  and  $280,000 
of  the  bonds  have  been  sold. 
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Btdletia  No.  2  of  this  department  was  compiled  by  Mr.  Frank  Adams, 
Irrigation  Manager,  l^  S.  Department  of  Agriculture,  and  was  pub- 
lished two  years  ago.  It  gives  such  a  complete  history  of  the  rise  and 
fall  of  the  irrigation  district  movement  that  it  is  unnecessary  to  dwell 
upon  it  further  here. 

In  1897  the  act  was  sui)plante(l  by  the  Bridgeford  Act,  under  which, 
with  its  various  amendments,  the  reorganization  of  the  old  districts  was 
effected  and  under  whose  provision  all  recently  organized  districts  have 
been  formed. 

In  1911  an  act  was  passed  providing  that  when  bonds  of  a  district 
were  certified  bv  the  State  Controller,  they  should  be  available  for  all 
the  purposes  that  other  municipal  bonds  are. 

To  obtain  the  certificate  named  the  entire  project  has  to  be  approved 
by  the  Superintendent  of  Banks,  Attorney  General  and  State  Engineer. 
For  convenience  this  body  is  called  the  Bond  Commission.  Since  the 
Bond  Commission  was  created,  it  has  investigated  the  bond  issues  of  a 
number  of  districts,  most  of  which  have  been  approved  and  the  bonds 
certified. 

The  effect  of  the  certification  of  irrigation  district  bonds  has  been 
that  where,  before  this  law  was  enacted,  they  were  hardly  salable  at 
75  to  80  per  cent  of  par,  the  same  bonds  are  now  quoted  as  high  as  108 
and  new  issues  frequently  bring  97  or  more  at  the  first  offering. 

Since  1913  the  law  has  required  that  the  State  Engineer  shall  inves- 
tigate the  project  of  all  proposed  irrigation  districts.  It  also  provides 
that  in  case  the  report  shall  be  opposed  to  the  formation  of  the  district, 
if  a  second  petition  be  presented  signed  by  three-fourths  of  the  property 
owners,  the  district  shall  be  formed,  notwithstanding  the  adverse  report 
Furthermore,  if  for  any  reason  the  State  Engineer  fails  to  file  a  report 
within  the  time  specified,  formerly  one  month  but  now  ninety  days, 
the  district  could  be  formed  without  the  report. 

Since  this  law  became  effective  35  examinations  have  been  made. 
One  petition  was  withdrawn  upon  recommendation  of  this  office,  two 
districts  failed  of  election  though  favorably  reported,  Thn^»  petitions 
were  disallowed  upon  adverse  report,  another  was  allowed  though 
reported  adversely.  Two  of  tlie  petitions  disallowed  were  followed 
with  petitions  of  three-fourths  of  the  landowners  and  were  oi^ni/^Ml 
despite  the  adverse  reports.  One  was  organized  without  a  report,  it 
being  impossible  to  make  a  physical  examination  of  the  project  in  the 
time  allowed. 

In  the  case  of  the  two  petitions  which  prevailed  against  the  adverse 
report,  both  of  which  are  in  the  Mojave  River  drainage,  the  combined 
area  was  practically  100,000  acres.  The  available  supply  was  mani- 
festly insuflficient  to  serve  so  much  land  and  upon  the  recommendation 
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of  this  office  a  commission  was  created  to  investigate  the  whole  matter 
and  report  just  what  might  be  effected  in  the  use  of  the  waters  of 
Mojave  River. 

The  report  of  the  commission  is  published  herewith  as  Appendix  C, 
and  will  be  issued  as  Bulletin  No.  5  of  this  office. 

Preparations  are  being  made  to  organize  several  districts,  some  of 
which  will  be  very  lai^e. 

Since  the  act  creating  the  Bond  Commission  became  effective,  this 
ofSce  has  investigated  for  that  commission  17  bond  projects,  for  which 
the  commission  *' validated"  bonds  aggregating  $22,847,321.  Some  of 
the  bond  issues  investigated  were  made  before  the  act  creating  the 
commission  was  passed. 

Some  old  bond  issues  still  outstanding  have  never  been  submitted  to 
the  commission  for  validation.  Several  recent  issues  are  now  under 
investigation,  but  findings  have  not  yet  been  issued. 

Several  of  the  districts  organized  in  recent  years  are  meritorious 
enterprises,  but  under  present  conditions  have  little  hope  of  reaching 
the  goal  for  which  they  were  formed.  The  soil  is  fertile  when  watered, 
but  in  its  arid  condition  is  of  very  little  value.  The  water  for  their 
development  is  available,  but  requires  expensive  works  to  utilize  it. 
Without  values  to  offer  as  security,  bonds  of  such  a  district  would  not 
be  salable  Excepting  at  ruinous  rates  of  discount,  and  the  Bond  Com- 
mission is  unable  to  see  its  way  to  authorize  the  issue  of  bonds,  and 
unless  governmental  assistance  can  be  given  them,  these  districts  must 
remain  undeveloped. 

It  has  been  proposed  that  the  state  enter  upon  a  colonization  scheme 
to  provide  homes  for  returning  soldiers.  It  is  suggested  that  these 
districts  might  offer  an  opportunity  for  such  exploitation  by  the  state, 
since  every  landowner  would  gladly  surrender  a  portion  of  his  holdings 
at  a  nominal  price  for  the  sake  of  water  to  irrigate  the  remainder. 
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The  following  table  gives  a  list  of  all  irrigation  districts  now  operating, 
with  data  concerning  them: 

Irrigation  Districts  in  Operation  November  1,  1918. 


No. 


1 
2 
8 
4 
5 
6 
7 
S 

9 

1Q 
11 
12 
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 
23 
24 

25 
36 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
30 
40 
41 
42 
43 
44 


Name  of  district 


Alpaugb    _ - 

Alta  - 

Anderson -Co  1 1  on  wood 

Baxter  Creek. 

Big  RoQk  Creeki 

Blacknck  

Browns   Valley"   

Cardiff  


Carroichael 


Fairoaka _ 

Happy  Valley*  _— 

Honey  Lake  Valley 

Imperial   

Jacinto    

La  Me»i,  Lemon  Grove  and 

and  Spring  Valley* 

Lindsay-Strathuioro 

Little   Rook   Oreek_ 

Long  ValJ  y  Oreek 

Maxwell    ..._ 

Modesto   

Mojavo  River  .. 

Newport  Heights 

Newport  Mesa 

Oakdale 


Falmdale 

Paradise  

Princeton-CodoraGlenn 

Provident  

Bedrock  Creek 

San  Ysidro  

Scott  Valley 

Southern  Lagsen  _ 

South  San  Joaquin.—.. 

Stratford    — 

Surprise  Valley  

Terra  Bella 

'Ailare°    _ _ 

l\irlock  _ 

Tranquillity    

Victor  Valley  _.. 

Walnut"    

Waterford  

W  bster  

Westside  


l't)tal  acreage  

l\)tal  bond  id  indtbted- 
ness''   


Count> 


Year 

or- 
gan- 
ized 


Tulare 

Tulare- Fresno 

Shasta   

Lassen 

Los  Angeles... 
Inyo  


San  Diego 

1913 

Tulare  

1915 

I/Ofi  Angeles 

18U2 

Las«:en    

1916 

Colusa    

uns 

Modesto  

1887 

San  Bernardino.. 

1917 

Riverside   

1918 

Riverside  

1918 

Stanislaus -S  a  n 

Joaquin 

1909 

Los  Angele^i 

1918 

Butto 

1916 

Glenn-Cohisa  

1917 

Colusa-GLnn 

1918 

Lass  n    

1918 

San  Diego 

1911 

Siskiyou  

1917 

Lessen    

1915 

San   Joaquin 

1909 

Kings  

1915 

Modoc  

1918 

'Ailare  

1915 

Tulare  

1880 

Stanislaus-Merced 

1887 

Fresno    

1917 

San   Bernardino.. 

1917 

1^19  Angeles 

1803 

Stanislaus 

1914 

Madera 

1915 

San   Joaquin 

1915 

1914 

1868 
1914 
1916 
1890 
'  1915 


Yuba 1888 

San  Diego.. '<  1916 

Sacramento  1915 

i 

Sacramento |  1917 

Tehama   — ^  1891 

Lassen __   1916 

Imperial  1911 

Glenn  1918 


Area. 

acres 


Bonda 
voted 


AddTCMor 


iao,Goo 

82.500 
11,000 

9280.000 

S4S.000 

1.0o&,000 

."{0.000 

1.210 

44,328 

700 

253,000 
14(^000 

8,118 

4,000 
18,300 
33,150 

90,000 

200,000 
6il&,000 

576,600 
19.660 

14.764 
15.775 

3,000 
34^000 

8,000 
81,183 
27  ,r<r> 

6.000.000 

l,2»a.C€0 

1.400.000 

«),000 

270,000 
2»21a.0ei 

1,503 
670 

_ 

74,146 

4,000 
11,200 

2,899,500 
850^000 

is.aio 

20,756 

8,700 

485 

5,540 

21.500 

71,030 

9,200 

17,500 

12,000 

35),3G0 

175.566 

11,300 

71,517 

8S)3 

14,484 

15,(X)0 

11,700 


1.798.881 


25.000 
8385^000 


1,000.000 

500.000 

2,573i800 


Alpaoc^b 

Dinuba 

AndersoD 

Lassen 

Yermo 

Big  Pine 

Browns  VaUey 

Cardiff  by  ibf 
Sea 

R,F.D.  3,  Sac- 
ramento 

Falroaks 

OUDda 

Amadee 

El    C«ntro 

Jacinto 

La   Mesa 

Lindsay 
Littl     Rock 
Doyle 
Colusa 
Modesto 
VictonrlUe 
Santa   Ana 
Santa  Ana 

Oakdale 

Palmdalc 

Paradis;^ 

WiUows 

Willows 

Rav<nd«le 

San   Tsldro 

Fbrt  Scott 

Doyle 

Mantcca 

Stratfom 

Fort  BSdwell 

Terra    Bella 

Tulare 

Turlock 

Tkmnquinity 


40S.QOO 


410,000 


Walnut 
Waterfonl 


I 


Tracy 


$25,910,821 


'Big  Rock  Creek  District  was  dormant  for  many  years;  revived  In  1914. 

^Browns  Valley  District  paid  off  its  bonds  at  30  cents  on  the  dollar. 

«Happy  Vail  y  District  revived  in  1917.  Only  S«80,000  of  its  bonds,  required  for  present  need.s 
have  been  validated. 

*This  dii^trict's  bond.«  have  novir  been  validated. 

^UYilaro  District  bought  up  its  bonds  at  53  cents  and  burned  them  In  1908. 

•Walnut  District  is  the  only  one  of  the  early  organizations  which  bas  not  bad  trmible.  If 
never  isRied  bonds. 

"I>ess  ^40,000,   Itrowns  Valley  and  Tlilare  districts  bonds  paid  and  cancel  d. 
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MISCELLANEOUS. 

State  Supervision  of*  Dams.  In  former  reports  of  this  department, 
Attention  was  called  to  the  growing  niimher  of  high  dams  heing  con- 
structed for  industrial  purposes  \idthout  supervision  by  public  authority, 
and  urged  that  proper  safeguards  to  life  and  property  should  be  pro- 
vided by  requiring  all  such  structures  to  be  submitted  to  state  control 
as  to  plans  and  safe  construction. 

'In  response  to  the  suggestions  made  for  provision  to  place  all  dams 
under  state  inspection  and  supervision,  the  legislature  enacted  an  amend- 
ment to  the  act  creating  the  Department  of  Engineering,  containing 
the  following  provision: 

It  shall  be  the  duty  of  the  state  department  of  engineering  to  pass 
upon  all  plans,  specifications  and  estimates  for  the  constniction  of 
.  dams  now  already  constructed,  in  process  of  construction,  or  pro- 
posed to  be  constructed  for  the  impounding  of  water  other  than 
the  dams  now  coming  under  the  authority  of  the  California  Railroad 
Commission.     (Chapter  394,  statutes  1915.) 

The  intent  of  the  above  (quoted  law  is  plain,  but  it  is  submitted  that 
it  confers  little  authority  upon  the  Department  of  Kngineering.  **To 
pass  upon  plans"  is  not  suflBcient  without  authority  to  alter  the  plans 
if  they  are  defective  and  to  enforce  compliance  in  construction  with 
apptoved  plans  and  specifications,  or  if  structure  is  already  constructed 
and  found  to  l)e  unsafe  the  state's  a^ent  should  be  clothed  with  powef 
to  compel  the  adoption  of  measures  to  make  it  safe. 

The  legislature  in  1917  enacted  a  provision  covering  the  subject,  in 
chapter  377  (statutes  1917),  as  follows: 

Sec.  2.  (a)  All  dams  in  the  state  of  California,  other  than 
those  for  impounding  mining  debris  constructed  under  the  authority 
of  the  California  debris  commission,  or  dams  constructed  by  a 
municipal  corporation  maintaining  a  department  of  engineering, 
shall  be  under  the  authority  of  the  state  department  of  engineering, 
and  the  department  shall  exercise  supervision  over  any  dam,  the 
failure  of  which  would  endanger  life  or  property,  and  shall  have 
power  to  prescribe  and  enforce  compliance  with  measures  for 
making  such  dams  safe  against  failure ;  provided,  that  this  section 
shall  not  apply  to  any  dam  which  is  part  of  a  ** water  system'*  as 
defined  in  section  two  of  the  public  utilities  act  of  this  state,  and 
nothing  in  this  act  shall  be  construed  to  limit  the  jurisdiction  of 
the  railroad  commission  over  such  dams. 

(6)  It  shall  be  unlawful  for  any  person,  firm,  corporation  or 
district  to  construct,  maintain  or  operate  any  dam  known  to  be 
unsafe,  or  which  if  the  destruction  or  failure  thereof  would 
endanger  life  or  property:  or  to  construct,  reconstruct,  repair  or 
improve,  maintain  or  operate  any  dam  which  is  or  would  be  ten 
feet  or  more  in  height  or  which  will  impound  water  or  other  fluid 
to  the  amount  of  three  million  gallons  unless  the  plans,  speeifica- 
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tions  and  constructiou  thereof  shall  have  been  approved  in  writing 
by  the  state  department  of  engineering. 

(c)  Any  person,  firm,  corporation  or  district  who  shall  violate 
the  provisions  of  this  section  is  subject  to  a  penalty  of  not  less  than 
five  hundred  nor  more  than  two  thousand  dollars  for  each  and 
every  offense.  Each  day  that  such  violation  of  the  provisions  of 
this  section  shall  continue  shall  be  deemed  and  considered  a  sepa- 
rate and  distinct  offense. 

(d)  Any  person  acting  for  himself  as  owner,  or  as  director,  officer, 
agent  or  employee  of  any  firm,  corporation  or  district  engaged  in 
the  construction,  reconstruction,  improvement  or  repair  of  any 
dam,  the  plans  and  specifications  of  which  have  been  approved  by 
the  department  of  engineering,  or  any  contractor,  or  agent  or 
employee  of  such  contractor,  who  shall  knowingly  permit  work  to 
be  executed  thereon  contrary  to  the  plans  and  specifications 
approved  as  aforesaid,  or  any  inspector  or  employee  of  the  depart- 
ment of  engineering  who  shall  have  knowledge  of  such  work  being 
done  and  fail  to  immediately  notify  the  department  of  engineering 
thereof,  is  guilty  of  a  felony  and  subject  to  the  penalty  of  confine- 
ment in  the  state  penitentiary^  for  not  less  than  one  nor  more  than 
five  years. 

(e)  Upon  the  complaint  of  the  department  of  engineering  any 
district  attorney  is  hereby  authorized  and  directed  to  prosecute 
violations  of  the  provisions  of  this  section. 

It  will  be  observed  that  those  dams  constructed  by  mining  interests 
under  the  jurisdiction  of  the  United  States  Debris  Commission,  public 
utilities  under  the  State  Railroad  Commission  and  municipalities  having 
an  organized  engineering  department  are  exempt  from  the  jurisdiction 
of  the  Department  of  Engineering.  Since  that  law  became  effective, 
July  15,  1917,  the  department  has  approved  the  plans  and  inspected 
the  work  upon  the  following  dams,  constniction  of  which  has  been 
commenced  or  completed : 

Woodward  Dam. 

Stanislaus  County,  eight  miles  north  of  Oakdale. 

Owner:  South  San  Joaquin  Irrigation  District 

Purpose :  Storage  for  irrigation. 

Type :  Hydraulic  earth  fill. 

Dimensions:  Height  58  feet,  base,  maximum  300  feet,  crown,  20  feet.  length 

3100  feet ;  storage  capacity  49,000  acre-feet 
Source  of  water,  diversion  by  canal  from  Stanislaus  River. 
(Construction,  completed  May,  1918,  coat  |000,000. 
Remarks:  There  are  fifteen  dikes  or  small  dams  across  low  places  in  the  rim 

of  the  reservoir. 

Paradise  Dam. 

Butte  Ck>unty,  one  mile  from  Magalia. 

Owner:  Paradise  Irrigation  District. 

Purpose :  Storage  for  irrigation. 

Type :  Hydraulic  earth  fill. 

Dimensions:  Height,  100  feet,  base,  maximum  325  feet,  crown,  20  feet,  length, 

1000  feet ;  storage  capacity,  2645  acre-feet. 
Source  of  supply :  Little  Butte  Creek. 
Construction  completed  April,  1918. 
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¥^k^  Ho4g€9  Dmtn, 

San  Die^ito  River,  San  Diego  County,  25  miles  uortii  of  8an  Diego. 

Owner:  San  Dieguito  Mutual  Water  Company. 

Purpose:  Storage  for  Irrigation,  domestic  and  municipal  use. 

Type:  Multiple  arch,  concrete. 

Dimenaions:  Height,  190  feet,  base,  maximum  155  feet,  crown,  16  feet,  length, 

750  feet,  including  spillway  at  side ;  storage  capacity,  37,000  acre-feet. 
Source  of  supply :  San  Dieguito  River. 
Under  construction,  will  be  completed  about  December.  1918. 

Alfiine  Dam, 

IjEgunitas  Creek,  Marin  County,  S  or  10  miles  northwest  of  San  Rafael. 

Owner:  Marin  Municipal  Water  District. 

Purpose :  Storage  for  municipal  supply  of  several  towns. 

Type:  Gravity,  cyclopean  concrete. 

Dimensions:  Height,  100  feet,  ultimately  to  be  170  feet. 

Capacity,  3180  and  19,660  acre-feet,  respectively. 

Source  of  supply :  Lagunitas  Creek. 

Construction  under  way. 

Dorria  Reservoir. 

Modoc  County,  2^  miles  east  of  Alturas. 

Owner:  Dorris  Brothers  (W.  J.  and  J.  Dorris). 

Purpose:  Irrigation. 

Type:  Earth. 

Dimensions:  Height,  21  feet,  base,  maximum  1231  feet,  crown,  90  feet,  length, 

3000  feet 
Capacity :  6040  acre-feet. 

Source  of  supply :  Diversion  ditch  from  Pine  Creek. 
Construction  under  way. 

lAttle  Rock  Creek. 

Jam  Angeles  County,  8  miles  from  Palmdale. 

Owner :  Little  Rock  Creek  and  Palmdale  Irrigation  Districts. 

Purpose:  Storage  for  irrigation  and  domestic  use. 

Type:  Concrete  multiple  arch. 

Dimensions :  Height,  200  feet,  length  440  feet,  base,  233  feet,  crest,  16  feet 

Capacity :  7460  acre-feet 

Source  of  supply:  Little  Rock  Creek. 

Construction  not  commenced. 

The  plans  for  several  other  dams  have  been  submitted,  bnt  not  yet 
passed  upon. 

Bridges.  Tlie  law  impose.<4  upon  the  State  Engineer  the  duty  of 
paflsing  upon  the  plans  of  all  bridges  to  be  erected  over  navigable 
waters  of  the  state,  and  to  prescribe  the  width  of  draw  and  of  water 
channel. 

The  department  in  every  instance  acts  in  conjunction  with  the  engi- 
neers of  the  War  Department  who  have  jurisdiction  over  navigable 
waters,  and  declines  to  approve  any  structure  that  is  not  satisfactory 
to  them. 
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During  the  biennium  just  closing  the  department  has  considered  plans 
for  bridges  as  follows: 

Sacramento- Solano, 

Joint  highway  bridge  over  Sacramento  River,  near  Rio  Vista.     Approved. 

Tyi)e  of  bridge :  Swing  span,  six  truss  spans  and  pile  trestle  approaches. 

Width  of  draw :  226  feet. 

Width  of  waterway :  2483  feet. 

Length  over-all:  2433  feet. 

Remarks :  Under  construction,  nearly  completed. 

Sacramento  County  Highway, 

Bridge  over  Sacramento  River,  near  Isleton.     Considered. 

Type:  Bascule,  truss  span  approaches. 

Width  of  opening:  225  feet. 

Width  of  waterway :  625  feet. 

Length  over-all:  1706  feet 

Remarks :  Under  consideration  by  the  War  Department. 

Princeton — Colusa-Qlenn   Comttiea. 

Highway  bridge  over  Sacramento  River  at  Princeton. 

Type :  Bascule. 

Width  of  opening :  220  feet. 

Widtii  of  waterway :  2  truss  spans,  210  feet  each,  trestle,  470  feet,  total  906  feet. 

Remarks :  Not  commenced. 

Feather  River. 

Nicholas — Sutter  County  Highway  Bridge. 

Type:  Swing. 

Width  of  opening :  100  feet  each  side  of  pivot  pier. 

Width  of  waterway :  3  truss  spans,  525  trestle,  941  feet,  total  1666  feet. 

Length  over-all :  1706  feet. 

Remarks :  Under  construction. 

Mad  River  Slough. 

Humboldt  County  highway  bridge. 
Type :  Single  leaf  bascule. 
Width  of  opening:  38  feet. 
Width  of  waterway:  232  feet. 
Length  over-all:  250  feet. 

Cutoff  Slough  and  Salt  Slough. 

Humboldt  County  private  causeway. 
Type :  Earth  embankment. 
Width  of  opening :  None. 
Wi<lth  of  waterway :  None. 


rv 


Ut^marks:  These  sloughs  are  blind  channels  in  the  deltti  lands  of  Eel  Kiv(*r. 
rhey  lie  wholly  within  the  property  of  one  large  estate,  and  are  not  used  for 
navigation  purposes,  but  fall  within  the  definition  of  navigable  streams  of  thf 
statute,  **all  streams  capable  of  floating  logs,  etc."  The  owners  of  the  lands 
through  which  they  pass  petitioned  the  War  Department  for  permission  to 
construct  a  causeway  by  means  of  an  earth  fill  across  both  channels,  in  Ii<^c 
of  drawbridges.  The  engineer  corps  of  the  War  I>epartment,  considering  that, 
as  the  channels  are  not  in  fact  navigable,  the  United  States  did  not  have 
jurisdiction,  referred  the  matter  to  this  office.  An  investigation  was  made  aD<^ 
the  above  recited  facts  ascertained,  but  as  the  department  could  not  set  aside  a 
definition  of  law,  declined  to  act.  It  is  understood  that  the  petitioners  have 
since  constructed  the  dams  which  will  probably  be  allowed  to  remain  until  aoin^ 
one  makes  a  showing  of  injury  to  navigation. 
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SAN  FRANCISCO  HARBOR  FRONT. 

The  harbor  front  of  the  city  of  San  Francisco  is  state  property  and 
is  administered  by  a  Board  of  State  Harbor  Commissioners,  which  has 
jurisdiction  over  the  construction,  operation  and  maintenance  of  the 
docks,  wharves,  buildings  and  appurtenances  of  every  kind.  The  board 
reports  directly  to  the  Governor. 

All  engineering,  including  design  and  construction,  is  by  law  placed 
in  the  Department  of  Engineering,  and  is  exercised  through  a  chief 
engineer  of  the  Board  of  Harbor  Commissioners  appointed  by  the 
department. 

Mr.  Prank  G.  White  was  appointed  chief  engineer  July  7,  1916. 
His  report  covering  the  two  years  ending  June  30,  1918,  appears  here- 
inafter in  full. 

It  will  be  noted  that  the  work  of  improvement,  extension  and  addi- 
tions to  the  wharf  piers,  sheds,  and  other  equipment  of  the  harbor  has 
progressed  steadily,  despite  the  depression  of  the  times. 

To  meet  war  necessities,  the  Belt  Railroad  was  extended  from  the 
Transport  Docks  at  Laguna  street  to  the  Presidio,  and  connected  with  a 
^stem  of  yard  tracks  constructed  by  the  War  Department  for  the 
handling  of  war  materials.  The  extension  was  completed  and  connec- 
tions made  within  two  months  after  war  was  declared.  A  two-story 
building  was  erected  at  the  foot  of  Jones  street  for  the  use  of  the 
U.  S.  Customs,  Coast  Guard  and  Quarantine  Service.  Also  a  building 
containing  offices,  waiting  room,  freight  room,  etc.,  was  erected  on 
Pier  14,  for  the  accommodation  of  the  U.  S.  Naval  Training  Station  on 
Terba  Buena  Island. 

An  item  of  the  report  which  is  not  likely  to  attract  much  attention 
from  the  casual  reader  and  yet  is  of  more  than  passing  interest,  is  the 
reference  to  Pier  42,  the  condition  of  which  shows  the  need  for  using 
good  materials  and  of  employing  efficient  inspection  in  public  works. 
The  piles  supporting  the  pier  were  encased  with  concrete  as  a  protection 
from  marine  borers.  The  report  says  that  * '  the  concrete  protection  had 
disintegrated  and  washed  out,  leaving  the  piles  exposed.''  The  piles 
were  eaten  oflf  by  the  terredo,  and  with  the  concrete  debris,  had  fallen 
to  the  bottom  of  the  bay.    Complete  reconstruction  was  necessary. 

In  this  connection  it  is  desired  to  call  attention  to  the  fact  that  this 
pier  was  constructed  in  1906,  before  the  Department  of  Engineering 
was  created  and  the  harbor  work  entrusted  to  engineers  selected  by  it. 
In  an  early  report  of  the  department  that  method  of  construction  as 
used  in  piers  constructed  under  former  regimes  was  discussed  and  it 
was  stated  that  *  *  in  the  depositing  of  the  concrete  around  the  piles  there 
was  little,  if  any,  cementing  power  between  the  sacks  of  concrete.'' 
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No  such  work  has  ever  been  permitted  since  the  Department  of  Engi- 
neering took  charge  of  public  construction. 

Reference  is  briefly  made  to  freight  handling  machinery  to  be 
installed  in  the  sheds  of  Pier  3.  This  is  a  step  in  the  right  direction 
and  one  that  it  is  hoped  will  be  followed  by  many  more  of  the  same 
kind.  To  the  public  the  most  conspicuous  improvements  made  or  being 
made  is  the  rebuilding  of  the  sheds  on  Pier  46,  which  was  destroyed 
by  fire  in  1915,  and  the  construction  of  an  overhead  viaduct  from  the 
Ferry  Building  across  the  Embarcadero. 

Chief  Engineer  Wliite*s  report  here  follows: 

REPORT  OF  CHIEF  ENGINEER  SAN   FRANCISCO  STATE  HARBOR 

COMMISSION. 

By  Frank  G.  White,  Chief  Engineer, 

I  beg  to  submit  herewith  for  your  consideration  my  rejwrt  as  Chief  Engineer  of 
the  Board  of  State  Harbor  Commissioners,  for  the  two  fiscal  years  beginning  July  1, 
1910,  and  ending  June  30,  1918. 

At  the  time  of  the  presentation  of  the  last  biennial  report  on  July  1,  1916,  by 
my  predecessor,  Mr.  Jerome  Newman,  there  w^ere  under  construction  the  following 
structures : 

Pier  No.  29,  which  was  08  per  cent  complete<l. 

Repairs  and  additions  to  Pier  No.  7,  which  wei'e  85  per  cent  complete<l. 

Repairs  and  additions  to  Pier  No.  11,  which  were  50  per  cent  completed. 

Repairs  and  additions  to  Pier  No.  44,  which  were  5  per  cent  completed. 

Addition  to  Pier  No.  38,  which  was  2  i)er  cent  completed. 

This  work  was  all  described  in  the  last  report  and  the  structures  have  all  been 
completed  and  placed  in  service. 

For  the  purposes  of  this  report,  the  work  of  the  engineering  department  will  be 
divided  as  follows : 

1.  Construction,  piers,  wharves,  etc. 

2.  Maintenance  and  repairs. 

3.  Belt  Railroad. 

4.  Buildings. 

5.  I*aving. 

(>.  Electrical. 

7.  Dredging. 

8.  Testing. 

9.  Designing  and  drafting. 
10.  General. 

1.  Construction,  Piers,  Wharves,  etc. 

Pier  3.  This  pier  was  constructed  on  the  site  of  old  Pier  No.  3  and  was  designed 
for  the  use  of  river  boats  plying  between  San  Francisco  and  points  on  the  Sacra- 
mento and  San  Joaquin  rivers.  It  is  138  feet  in  width  and  706  feet  in  length  and  is 
constructed  of  reinforced  concrete  throughout.  The  supports  are  reinforced  concrete 
piles  which  average  from  90  to  KX)  feet  in  length.  There  is  a  depressed  track  on  the 
north  side  and  seven  adjustable  cargo  aprons  are  provided  to  facilitate  tracking 
between  the  boats  and  the  pier.  On  these  aprons  the  transjsortation  company 
which  will  occupy  the  pier  is  installing  motor  driven  chain  conveyors  to  expedite 
the  trucking  at  low  stages  of  the  tide.  The  fender  line  is  the  ordinary  type  with 
creosoted  piles  and  untreated  sheathing  and  the  pavement  is  bituminous  concrete 
in  the  driveway  and  sheet  asphalt  in  the  cargo  areas. 

In  conjunction  with  the  pier  a  section  of  reinforced  concrete  bulkhead  wharf  423 
feet  in  length  and  45  feet  in  width  was  constructed  as  well  as  a  passenger  landing 
pier  76  feet  by  99  feet. 
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Tbe  contract  for  the  construction  of  the  pier  ehed  included  a  bulkhead  wharf 
building  and  a  waiting  room  on  the  passenger  landing  pier.  The  main  pier  ehed  is 
G99  feet  in  length  and  112  feet  in  width  with  a  passenger  gallery  extending  along 
one  side  for  about  one-half  its  length.  The  bulkhead  building  is  3^  feet  in  length 
by  90  feet  in  width  and  two  stories  high.  In  it  will  be  located  ticket  and  freight 
offices  as  well  as  the  general  business  offices  of  the  transportation  company,  baggage 
room,  commissary,  carpenter  shop,  etc.  The  waiting  room  on  the  passenger  pier  is 
68  feet  by  88  feet. 

The  buildings  are  all  timber  frame  structures  and  the  walls  for  a  height  of  four 
feet  are  reinforced  concrete.  The  remainder  of  the  front  wall  of  the  bulkhead 
building  is  of  metal  lath  and  plaster  on  wood  sheathing.  On  the  rest  of  the  build- 
ings the  walls  above  the  reinforced  concrete  portion  are  two-inch  solid  mortar  walls 
built  up  with  a  cement  gun  on  ribbed  metal  lath. 

Pier  3  was  completed  in  March,  1918,  and  the  pier  shed,  bulkhead  building  and 
pat«engcr  building  were  40  per  cent  completed  on  June  30,  1918. 

Pier  31.  This  pier  is  150  feet  in  width  and  800  feet  in  length.  The  type  of 
construction  in  similar  to  that  of  Pier  29  adjoining  it,  the  inner  590  feet  being  sup- 
ported on  reinforced  conci'etc  piles  and  the  outer  210  feet  on  concrete  cylinders 
which  in  turn  have  a  foundation  of  timber  piles.  The  deck  is  of  reinforced  concrete 
and  the  fender  line  and  pavement  are  the  same  as  on  Pier  3.  There  is  a  flush 
track  on  one  side  and  a  depressed  track  on  the  other. 

*  In  conjunction  with  the  pier  there  were  constructed  a  section  of  bulkhead  wharf 
256  feet  in  length  and  45  feet  in  width,  and  a  wharf  150  feet  in  width  and  245  feet 
in  length  connecting  Piers  20  and  31.  The  bulkhead  wharf  and  connecting  wharf  are 
also  of  reinforced  concrete  construction  on  concrete  piles. 

The  plans  for  the  pier  shed  include  a  building  over  the  connecting  wharf  and 
bulkhead  wharf.  The  latter  building  extends  across  the  front  of  Pier  29  and  has  a 
lenipth  facing  the  Embarcadero  of  610  feet.  The  buildings  are  timber  frame  structures 
and  the  walls  are  all  of  reinforced  concrete  excepting  the  frontwall  of  the  bulkhead 
building  which  is  cement  plaster  on  metal  lath. 

Pier  31  was  97  per  cent  completed  on  June  30,  1918.  The  contract  for  the 
buildings  has  been  let  but  their  construction  has  not  yet  been  begun.  It  is  expected 
that  they  will  be  completed  about  December  1,  1918. 

Pier  33.  This  pier  is  803  feet  in  length  and  150  feet  in  width.  Except  for  the 
fact  that  the  entire  structure  is  built  on  concrete  piles,  the  construction  is  the  same 
as  Pier  31,  with  the  same  track  arrangement,  fender  line  and  paving. 

The  contract  for  Pier  33  included  the  construction  of  a  section  of  reinforced 
concrete  bulkhead  wharf  45  feet  in  width  and  440  feet  in  length.  This  connects 
the  sections  which  were  built  in  conjunction  with  Piers  31  and  35  and  completes  the 
permanent  bulkhead  wharf  from  the  north  side  of  Pier  27  at  Lombard  street  to 
the  north  side  of  Pier  41  at  Powell  street  Pier  33  was  87  per  cent  completed  on 
Jnne  30,  1918. 

Pier  i6.  On  June  4,  1910,  Pier  40,  which  was  completed  about  the  last  of 
September,  1914,  was  destroyed  by  fire.  Portions  of  the  deck  along  the  north  side 
of  the  pier  were  uninjured  and  the  majority  of  the  creosoted  piles  were  in  good 
condition  below  high  tide  but  the  shed  and  the  greater  part  of  the  deck  structure 
were  entirely  destroyed.  There  was  considerable  discussion  as  to  whether  the  pier 
should  be  rebuilt  of  timber  or  whether  it  should  be  removed  and  replaced  with  a 
reinforced  concrete  structure.  It  was  finally  decided  to  rebuild  the  timber  structure 
and  this  was  done  by  cutting  off  the  burned  portions  of  the  piles,  subcapping  with 
creosoted  timbers  and  building  up  to  the  deck  level  with  short  posts  braced  in  both 
directions.  The  deck  planking  was  covered  with  a  bituminous  pavement  and  a 
different  type  of  shed  was  designed  which,  while  of  timber,  would  be  more  fire- 
resisting.  A  bulkhead  building  covered  with  metal  lath  and  plaster  was  also  planned 
so  as  to  harmonize  with  the  front  under  construction  on  Pier  44.  The  pier  con- 
struction was  started  by  Harbor  Commission  forces  but  later  contracts  were  let  for 
the  different  parts  of  the  work.  The  pier  was  completed  in  November,  1917,  the 
pier  shed  in  December,  1917,  and  the  bulkhead  building  in  February,  1918. 
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UlaU  Street  Wharf.  The  construction  of  this  wharf  was  the  initial  step  in 
the  development  of  the  Islais  Creek-India  Basin  district.  It  covers  the  fall  width 
of  Islais  street  along  the  sooth  side  of  the  Islais  Creek  Channel  and  extends  fnon 
Third  street  west  to  Selby  street  It  is  1646  feet  in  length  and  SO  feet  in  width 
except  for  a  distance  of  180  feet  from  Third  street,  which  is  66  feet  in  width.  It 
is  a  creosoted  pile  timber  structure  covered  with  a  bituminous  pavement  and  has  a 
railroad  track  extending  its  entire  length.  The  Islais  street  wharf  was  completed  in 
January,  1918. 

Pier  42 — RecoMtruction,  This  pier  was  constructed  in  1906,  the  supports  being 
untreated  piles  protected  by  concrete  deposited  inside  wood  stave  cylinder  forms. 
Examinations  by  divers  showed  that  in  many  cases  the  piles  were  in  bad  conditi(» 
due  to  the  fact  that  the  concrete  protection  had  disintegrated  and  washed  out, 
leaving  the  piles  exposed.  In  fact,  in  some  cases  the  piles  had  been  eaten  through 
and  with  the  protecting  concrete,  had  fallen  to  the  bottom  of  the  bay.  It  was  decided 
to  remove  all  of  the  protected  piles  and  replace  them  with  creosoted  piles.  At  the 
same  time  the  shed  and  deck  were  rebuilt  and  the  latter  was  covered  with  a 
bituminous  pavement.  The  railroad  track  along  the  north  side  of  the  pier  was  also 
connected  with  the  Belt  Railroad  which  now  does  the  switching.  The  contract 
also  included  a  section  of  reinforced  concrete  bulkhead  wharf  46  feet  in  width  and 
539  feet  in  length  and  a  bulkhead  building  at  the  inner  end  of  the  pier  shed.  The 
reconstruction  of  Pier  42  was  completed  in  June,  1918. 

Pier  40 — Addition.  An  addition  about  19  feet  in  width  was  constructed  along 
the  north  side  of  Pier  40.  This  addition  carries  a  depressed  railway  track  and  was 
constructed  on  account  of  the  congestion  incident  to  the  operation  of  the  flush  tmck 
in  the  center  of  the  pier.  It  is  constructed  of  timber  on  creosoted  piles  and  has 
the  typical  creosoted  pile  fender  line.  The  addition  to  Pier  40  was  completed  in 
August,  1917. 

Pier  4S — Addition,  An  addition  52  feet  in  width  and  200  feet  in  length  was 
constructed  on  the  outer  end  of  Pier  43.  It  is  a  creosoted  pile  timber  structure  and 
carries  two  railroad  tracks.    The  addition  was  completed  in  February,  1917. 

Bulkhead  Wharf — Pier  9.  A  section  of  bulkhead  wharf  45  feet  in  width  and 
233  feet  in  length  was  constructed  at  the  inner  end  of  Pier  9.  It  connects  the 
sections  previously  built  adjacent  to  Piers  7  and  11  and  completes  the  permanent 
bulkhead  wharf  from  the  south  side  of  Pier  7  to  the  south  side  of  Pier  19.  It  is  the 
typical  reinforced  concrete  bulkhead  wharf  construction  on  concrete  piles.  The  work 
was  completed  in  August,  1917. 

Breaktcatcr — Fishermcn^s  Lagoon.  In  order  to  furnish  a  safe  harbor  for  the 
growing  fleet  of  fishing  boats,  a  breakwater  was  constructed  along  the  Embarcadero 
from  Jones  street  to  Hyde  street  with  a  wingwall  extending  back  along  Hyde 
street  to  Jefferson  street.  The  area  within  the  breakwater  was  then  dredged  to  the 
required  depth.  From  time  to  time  the  wharves  will  be  constructed  inside  of  this 
lagoon  for  the  use  of  the  fishing  boats.    The  breakwater  was  completed  in  May,  1917. 

Wharf  Between  Jones  and  Hyde  Streets.  The  existing  wharf  on  the  Elmbarcadero 
between  Jones  and  Leavenworth  streets  was  enlarged  and  extended  toward  Hyde 
street  and  is  now  used  for  handling  lumber.  The  old  portion  which  was  4m{ 
feet  in  length  and  60  feet  in  width  was  widened  to  120  feet  and  an  extension  180 
feet  in  length  and  120  feet  in  width  was  constructed  on  the  west  end.  The  wharf 
is  of  creosoted  pile  and  timber  construction  and  was  built  by  Harbor  CoQunissioii 
forces.    The  work  was  completed  in  June,  1918. 

2.  Maintenance  and  Repairs. 

Coincident  with  the  large  increase  in  the  harbor  facilities  and  in  the  tonnage 
handled,  the  work  of  maintaining  the  property  under  the  jurisdiction  of  the  board 
has  also  very  largely  increased.  An  efficient  maintenance  and  repair  department 
has  been  constantly  at  work  and  all  structures  have  been  kept  in  good  operating 
condition.  During  the  last  year,  it  has  been  necessary  to  begin  making  extensive 
repairs  to  the  untreated  timber  sheathing  on  the  suspended  fenders  and  the  creosoted 
pile  fenders.    This  was  to  have  been  expected  and  experience  has  proven  that  these 


PLATE  XXV. 


PLATB  XXVI, 


HTDBOECONOMICS — SAN  FRANCISCO  HABBOB  FBONT.  85 

types  of  fenders  are  much  more  economical  to  maintain  than  the  old  type  of  green 
pile  fenders. 

While  most  of  the  work  was  done  by  the  maintenance  and  repair  department, 
some  of  the  larger  jobs  wei*e  done  by  contract.  Of  these  the  most  important  was 
the  raising  of  the  bulkhead  wharf,  between  Howard  and  Harrison  streets.  On 
account  of  the  nature  if  the  subgrade  upon  which  the  sea  wall  in  this  locality  was 
constructed,  it  settled,  carrying  with  it  the  bulkhead  wharf  and  bulkhead  buildings. 
The  greatest  settlement  occurred  at  the  foot  of  Folsom  street  and  amounted  to 
about  four  feet.  The  work  of  raising  the  bulkhead  wharf  extended  over  a  distance 
of  1150  feet.  The  concrete  piles  were  cut  off  below  the  deck,  the  entire  deck 
structure  was  jacked  up  to  grade  and  the  piles  and  bulkhead  wall  were  built  up  to 
the  necessary  height  to  take  the  bearing.  The  work  was  carried  out  without 
interrupting  the  use  of  the  structure  above  and  was  completed  in  April,  1917. 

3.  Belt  Railroad. 

The  regular  maintenance  work  of  the  Belt  Railroad  has  been  kept  up  and 
numerous  private  industry  tracks  have  been  constructed  by  the  track-laying  force. 
Several  additional  yard  tracks  were  also  built  and  the  track  laying  on  new  piers 
was  done  by  our  own  force. 

Shortly  after  the  declaration  of  war  in  April,  1917,  the  board  was  requested 
by  the  War  Department  to  extend  the  Belt  Railroad  from  the  Transport  Docks  at 
Lagona  street  to  the  Presidio.  This  the  board  ordered  done  and  the  work  was  laid 
out  80  as  to  co-ordinate  with  the  plans  of  the  city  for  the  construction  of  the 
Marina  boulevard.  The  track  was  extended  to  the  Presidio  line  and  connected  to 
the  yards  and  sidings  which  were  constructed  by  the  War  Department.  The  con- 
nection was  made  in  June,  1917. 

4.  Buildings. 

Contrary  to  the  previous  policy  of  the  department  and  in  order  to  expedite  the 
work  of  construction  it  was  decided  to  let  separate  contracts  for  pier  and  pier 
shed  construction.  This  was  first  done  in  the  case  of  Pier  29  and  the  same  course 
was  pursued  with  Piers  3,  31,  33  and  46,  the  buildings  on  which  have  already  been 
de8cribe<l. 

Pier  29 — Shed.  This  building  is  a  combination  timber  and  steel  frame  structure 
with  coucrete  walls,  steel  rolling  doors  and  a  corrugated  iron  roof.  As  constructed, 
it  is  100  feet  in  width  and  702  feet  in  length.  As  has  been  stated,  the  bulkhead 
building  will  be  constructed  in  conjunction  with  the  shed  on  Pier  31  and  the  adjacent 
connecting  wharf.    The  shed  on  Pier  29  was  completed  in  July,  1917. 

Pier  Jfl — Shed.  Pier  41  was  constructed  in  1914  without  a  shed  and  was  used 
for  handling  bulk  cargoes,  especially  lumber.  The  need  for  covered  cargo  space, 
however,  became  so  pressing  that  it  was  decided  to  construct  a  shed  on  this  pier. 
The  building  is  a  timber  frame  structure  with  two-inch  redwood  siding  and  a  roof 
of  two-inch  by  four-inch  redwood  laid  on  edge,  the  construction  being  identical  with 
that  of  the  shed  on  Pier  4G.  The  shed  as  constructed  is  IGO  feet  in  width  by  S70 
feet  in  length.  Later  it  is  the  intention  to  extend  the  shed  to  the  inner  end  of  the 
pier  and  to  construct  a  bulkhead  building  across  the  front.  The  shed  on  Pier  41 
was  completed  in  May,  1918. 

Barge  Ojfice.  A  building  to  be  used  as  waterfront  offices  and  quarters  by  the 
U.  S.  Customs,  Coast  Guard  and  Quarantine  Service  was  constructed  on  the 
Embarcadero  near  the  foot  of  Jones  street.  It  is  a  two-story  building  33  feet  by 
U7  feet.  The  foundation  is  reinforced  concrete  piles  and  the  building  is  a  timber 
frame  structure,  the  outside  being  covered  with  metal  lath  and  plaster.  The  Barge 
Office  was  completed  in  December,  1917. 

Pier  36 — Addition  to  Shed.  The  existing  shed  on  Pier  36  was  extended  inshore 
to  the  waterfront  line,  the  addition  being  98  feet  in  width  and  140  feet  in  length. 
The  building  is  a  timber  frame  structure  with  a  four-inch  redwood  roof.  The  walls 
are  of  reinforced  concrete  for  a  height  of  about  four  feet  and  for  the  remainder  of 
the  height  they  are  two-inch  solid  plastered  walls  on  ribbed  metal  lath.  The  addition 
to  the  shed  on  Pier  36  was  completed  in  October,  1917. 
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WeUf'Parffo  Bmidimif  Addition,  To  care  for  the  growing  express  bnnncK  of 
Wells-Fargo  and  Company,  an  addition  was  constructed  at  the  east  of  the  bailding 
on  Pier  14.  The  addition  is  irregular  in  sliape  bat  is  approximately  100  feet  in 
width  by  270  feet  in  length.  A  portion  covering  an  area  01  feet  by  82  feet  is  two 
stories  in  height  and  the  rest  of  the  building  is  one  story.  It  is  a  timber  stmctnrc 
throughout.    The  addition  to  the  Wells-Fargo  Building  was  completed  in  May,  191^ 

Naval  Training  Station  Building.  A  building  for  the  use  of  the  U.  S.  Xsral 
Training  Station  at  Goat  Island  was  constructed  near  the  outer  end  of  Pier  14. 
It  is  a  one-story  building  21  feet  by  60  feet  and  contains  a  waiting  room,  offices, 
freight  room,  etc.  The  building  is  a  timber  frame  structure  covered  with  metal 
lath  and  plaster.     It  was  completed  in  March,  1917. 

Viaduct.  Contracts  have  been  let  for  the  constmction  of  a  viaduct  extending 
from  the  second  floor  of  the  Ferry  Building  across  the  Embarcadero  to  the  west  side 
of  the  street.  It  will  leave  the  building  about  50  feet  north  of  the  center  and  will 
land  on  the  sidewalk  on  the  west  side  of  the  Embarcadero  near  the  north  side  of 
Market  street.  The  viaduct  will  have  a  total  length  of  293  feet  with  four  spans  and  a 
sidewalk  width  of  13  feet.  It  is  expected  that  it  will  be  completed  about  the  first 
of  December,  1918. 

ft.  Paving. 

The  regular  maintenance  work  on  the  pavement  on  the  Embarcadero  has  been 
kept  up  and  on  account  of  the  settlement  of  new  fills,  several  areas  of  considerable 
extent  were  repaired  by  our  street  repair  force.  In  addition,  considerable  work  was 
done  by  contract,  both  on  the  Embarcadero  and  on  other  streets  under  the  jurisdic- 
tion of  the  board. 

Bay  Street  to  Potcell  Street.  This  was  the  fii-st  section  which  was  paved  in 
accordance  with  the  policy  adopted  by  the  board  of  providing  a  strip  of  bituminoss 
pavement  along  the  Embarcadero.  It  consisted  of  a  strip  of  bituminous  concrete 
pavement  on  a  6-inch  concrete  base  30  feet  in  width  and  1935  feet  in  length.  The 
work  also  included  the  construction  of  a  cement  sidewalk  20  feet  in  width,  setting 
granite  curb,  the  relaying  of  a  portion  of  the  basalt  block  pavement  adjacent  to  the 
new  work,  and  the  construction  of  the  necessary  catch  basins  and  drains. 

Pacific  Street  to  Union  Street.  This  consisted  of  a  strip  of  bituminous  concrete 
pavement  on  a  6-incb  concrete  base,  40  feet  in  width  and  1455  feet  in  length.  The 
contract  also  included  a  granite  curb  for  a  portion  of  the  distance,  repairing  with 
basalt  blocks  adjacent  to  the  new  pavement  and  the  construction  of  drains  and  catch 
basins. 

F  oho  in  Street  to  Harrinon  Street.  Following  the  completion  of  the  w^ork  of 
raising  the  bulkhead  wharf  and  bulkhead  wall  in  this  vicinity,  a  portion  of  the  width 
of  the  Embarcadero  w^as  paved  with  basalt  blocks.  After  the  new  fill  on  which  this 
pavement  was  laid  has  settled  sufficiently  under  traffic,  the  blocks  will  be  removed 
and  replaced  by  bituminous  concrete. 

King  Street,  Second  Street  to  the  Embarcadero.  The  existing  pavement  along  this 
block  was  removed  and  replaced  by  a  basalt  block  pavement  on  a  6-inch  concrete  base. 

FoUom  Street,  Stcuart  Street  to  the  Embarcadero.  This  block  was  paved  with 
basalt  blocks  on  sand.  The  contract  also  included  the  construction  of  granite  curb, 
drains  and  catch  basins. 

The  Marina,  Laguna  Street  to  Buclianan  Street.  The  construction  by  the  city  of 
the  first  section  of  the  Marina  Boulevard  necessitated  the  paving  of  the  Belt  Railroad 
track  in  this  block.  The  work  consisted  of  Topeka  pavement  on  a  6-inch  concrete 
base. 

All  of  the  above-mentioned  work  has  been  completed  and  is  in  service. 

Washington  Street  to  Market  Street,  and  Howard  Street  to  FoUom  Street.  These 
two  sections  of  the  Embarcadero  are  to  be  paved  with  bitumhious  concrete  on  a 
concrete  base.  The  contracts  have  been  let  and  the  work  is  expected  to  be  completed 
in  September,  1918. 
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6.  Electrical. 

As  in  the  past,  all  maintenauce  work  and  also  all  electric  installations  along  the 
waterfront  have  been  handled  by  our  own  electrical  department.  The  work  of 
extending  the  undei-ground  conduit  system  and  the  street  lighting  system  has  been 
carried  on  progressively  and  both  nro  now  complete  from  Channel  street  to  Mason 
street. 

As  fast  as  new  buildings  have  been  constructed  or  existing  buildings  recon- 
structed, they  have  been  permanently  wired  and  high  efficiency  nitrogen  lamps  have 
been  installed.  This  work  has  been  done  on  Piers  7,  11,  !.">,  29,  41,  30,  42,  44  and  4G 
and  in  the  Barge  Office,  Naval  Training  Station  Building  and  Wells-Fargo  Building 
addition.  Piers  42  and  40  have  also  been  wired  for  ship  lighting  and  for  furnishing 
power  for  cargo  conveyors. 

To  assist  in  policing  and  patrolling,  floo<l  lights  and  projectors  have  been  installed 
nt  advantageous  points  so  as  to  light  the  sides  and  ends  of  the  piers.  These  lights 
have  been  placed  at  Piers  41,  39,  37,  35,  20,  30,  32,  34,  42  and  40. 

The  efficiency  of  the  electrical  department  in  safeguarding  the  water  front  against 
disastrous  fires  has  been  increased  by  the  appointment  of  an  experienced  fire  mar^ 
shal  and  by  the  installation  of  fire  fighting  apparatus.  Eleven  fire  monitors  have 
been  placed  on  the  roof  of  the  Ferry  Building  and  adjoining  buildings,  and  4000 
feet  of  2i-inch  hose  has  been  provided  and  mounted  on  thirty  hose  racks  located  in 
different  parts  of  the  building. 

High  pressure  fire  mains  have  been  installed  on  Piers  35  and  37  with  1000  feet 
of  li-inch  hose  mounted  on  ten  hose  racks  on  each  pier,  and  each  system  is  provided 
with  connections  for  the  city  fire  engines  and  fire  boats  as  well  as  being  permanently 
connected  with  the  Spring  Valley  Water  Company's  water  mains.  Contracts  have 
been  let  and  work  is  proceeding  on  the  installation  of  similar  systems  on  Piers  3, 
29,  31 ,  33  and  46. 

E&ch  pier  is  equipped  with  a  40-gallon  portable  chemical  tank  and  the  system 
of  fire  alarm  boxes  is  being  extended  as  is  required. 

The  fire  marshal  makes  periodical  inspections  of  all  fire  equipment  and  also  of 
all  structures  with  a  view  to  eliminating  all  fire  hazards  as  far  as  possible.  The 
hose  is  taken  down  and  tested  at  intervals  in  order  to  be  sure  that  it  is  alwaj's  in 
first-class  condition. 

7.  Dredging. 

The  regular  dredging  has  been  carried  on  as  usual  and  the  necessary  depth  of 
water  has  been  maintained  in  all  slips.  In  addition,  extensive  dredging  operations 
have  been  necessary  in  the  slips  adjacent  to  the  piers  which  have  been  recently 
constructed.  The  new  fishermen's  lagoon  has  been  dredged  so  as  to  provide  sufficient 
depth  of  water  for  the  steam  fishing  tugs. 

Dredging  has  been  begun  along  the  southerly  portion  of  China  Basin  and  large 
quantities  of  rock  have  been  removed  and  used  for  straightening  out  and  building 
up  the  seawall.  This  has  accomplished  the  double  purpose  of  securing  the  necessary 
depth  of  water  and  obviating  the  necessity  of  purchasing  seawall  rock. 

The  dredging  plant  has  been  maintained  in  a  good  state  of  efficiency  and  the 
dei>artmeut  has  been  complimented  by  the  iuspectora  of  the  Industrial  Accident 
Commission  on  account  of  the  good  condition  of  the  dredgers. 

8.  Testing. 

The  testing  laboratory  has  proven  indispensable  in  the  carrying  out  of  the 
extensive  construction  program  of  the  last  two  years.  All  construction  materials 
such  as  cement,  structural  and  reinforcing  steel,  asphalt,  roofing  materials,  paints, 
oils,  etc.,  have  been  tested  and  analyzed  and  screen  analyses  have  been  made  of 
sand,  gravel  and  crushed  rock  for  use  in  concrete.  Samples  of  the  concrete  used  in 
all  construction  work  have  been  taken  regularly  and  tested. 

The  testing  for  the  State  Department  of  Engineering  has  been  carried  on  as  in 
the  past.  All  of  the  cement  which  the  Department  has  used  has  been  tested  in  our 
laboratory  and  in  addition  many  tests  have  been  made  of  concrete  samples  and  of 
all  sorts  of  building  materials. 
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9.  Designing  and  Drafting. 

Id  addition  to  the  plans  for  work  which  has  been  completed  or  which  is  under 
construction  and  which  has  been  previously  mentioned,  the  followin^f  plana  have 
been  prepared  and  are  ready  for  placing  under  contract: 

Extension  to  Pier  21;  108  feet  in  width  and  200  feet  in  length,  creosoted  pile  and 
timber  construction. 

Extension  to  Pier  22;  125  feet  in  width  and  200  feet  in  length,  creosoted  pile  and 
timber  construction. 

Bulkhead  Wharf  Adjacent  to  Pier  21 ;  45  feet  in  width  and  61  feet  in  length, 
reinforced  concrete  construction. 

Bulkhead  Wharf  at  China  Basin,  extending  from  the  entrance  to  Channel  street 
to  Pier  54 ;  reinforced  concrete  structure  47  feet  in  width  and  2145  feet  in  length. 

Fish  Packing  House  and  Market  at  the  Foot  of  Taylor  Street;  47  feet  in  width 
by  100  feet  in  length,  two  stories  in  height,  reinforced  concrete  construction. 

Extension  to  Post  Office;  an  addition  to  the  second  floor,  34  feet  in  width  by  100 
feet  in  length,  structural  steel,  brick  and  concrete  construction. 

The  following  plans  are  well  under  way  and  will  be  completed  in  the  near  future: 

Shed  on  Pier  33  and  adjacent  bulkhead  wharf. 

Extension  of  the  existing  shed  on  Pier  41,  and  shed  on  the  adjacent  bulkhead 
wharf. 

Pier  1  to  replace  the  existing  pier  at  the  foot  of  Washington  street. 

Permanent  bulkhead  wharves  to  replace  the  existing  wharves  in  front  of  Pier  19 
and  from  Pier  21  to  Pier  27. 

Plans  for  the  improvement  of  Fishermen's  Lagoon  by  the  construction  of  a  new 
free  market,  fish  stalls,  wharfinger's  office,  boat  shops,  boat  ways,  oil  stations,  net 
tanning  house,  and  wharves,  and  wharf  sheds  for  the  wholesale  fishing  companies. 

General  plans  for  the  development  of  the  China  Basin  section  and  the  India 
Basin-Islais  Creek  section  of  the  waterfront. 

10.  General. 

The  unsettletl  conditions  in  all  quarters  due  to  the  war  have  made  construction 
programs  difficult  of  fulfillment  and  it  has  been  impossible  in  most  cases  to  cany 
out  previously  arranged  schedules.  The  shortage  and  inefficiency  of  labor  and  the 
difficulty  of  securing  materials  have  increased  steadily  during  the  last  two  years 
and  the  cost  of  construction  w^ork  has  correspondingly  increased.  For  these  reasons 
it  will  probably  be  necessary  to  postpone  the  construction  of  part  of  the  improve- 
ments mentioned  above  for  which  plans  have  been  or  are  being  prepared  and  to 
construct  at  the  present  time  only  such  as  are  urgently  needed. 

On  August  28,  1917,  pursuant  to  your  instructions,  I  left  San  Francisco  for  an 
inspection  trip  to  the  principal  ports  of  the  United  States  and  Canada.  I  visited 
the  most  important  ports  on  the  Pacific  and  Atlantic  coasts  as  well  as  on  the 
Groat  Lakes  and  the  Gulf  of  Mexico.  I  also  attended  the  annual  conventions  of 
the  Pacific  Coast  Association  of  Port  Authorities  at  Portland,  Oregon,  and  of  the 
American  Association  of  Port  Authorities  at  Cleveland,  Ohio.  The  entire  trip  covered 
a  period  of  seven  weeks  and  was  outlined  in  a  report  to  your  honorable  board,  pre- 
pared after  my  return. 

In  February,  1018,  I  went  to  Seattle  to  investigate  and  report  concerning  the 
importation  and  handling  of  Oriental  vegetable  oils.  The  results  of  my  investiga- 
tions and  recommendations  as  to  the  policy  to  be  pursued  in  San  FrauciBCo  werr 
reported  on  March  5,  1918. 

In  conclusion,  I  desire  to  acknowledge  the  co-operation  and  efficient  services  of 
all  employees  of  the  Engineering  Department. 

San  Francisco,  Cal.,  July  1,  1918. 
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CANALS  AND  CANALIZATION. 

The  subject  of  navigation  of  inland  waterways  has  engaged  the 
attention  of  the  people  of  California  for  a  long  time.  In  fact  the  first 
legislature,  convened  before  the  state  was  admitted  to  the  Union,  created 
a  commission  to  study  the  subject. 

The  paralysis  of  rail  transportation  by  the  demands  of  war  neces- 
sities has  emphasized  the  need  of  supplementing  the  railways  by  other 
modes  of  transport. 

Good  highways  are  destined  to  play  an  important  role  in  the  devel- 
opment of  the  country,  but  for  all  that  the  waterways  are  capable  of 
assisting  in  no  small  degree.  Indeed,  there  are  large  areas  of  the  most 
productive  land  in  the  state  that  by  physical  conditions  are  precluded 
from  conveying  their  products  to  market  in  any  other  way  than  in  boats. 

Some  years  ago  the  legislature  directed  the  Department  of  Engi- 
neering to  investigate  the  subject  of  improving  the  rivers  by  canaliza- 
tion and  constructing  canals  throughout  the  valleys  of  the  state. 

Without  funds  the  department  has  been  unable  to  make  surveys,  but 
whenever  opportunity  offered  in  the  prosecution  of  other  duties  studies 
have  been  made  on  the  subject. 

In  the  last  report  of  the  department  it  was  stated  that : 

It  is  engineeringly  feasible  to  construct  tidal  canals  capable 
of  conveying  ocean-going  ships  to  Sacramento  and  Stockton,  at  a 
comparatively  low  cost. 

It  is  engineeringly  feasible  to  extend  those  canals  several  miles 
farther  into  the  interior,  with  locks. 

Ships  can  be  conveyed  by  canal  within  a  few  miles  of  San  Jose. 

It  is  no  greater  engineering  problem  to  build  a  lock-canal  for 
ships  from  the  sea  to  the  heart  of  the  city  of  Los  Angeles  than  it 
was  to  build  the  great  Manchester  Canal. 

It  would  be  no  greater  an  engineering  feat  to  build  a  barge 
canal  from  Red  Bluff  to  Bakersfield  than  is  the  one  now  nearly 
accomplished  of  constructing  the  New  York  Barge  Canal  from 
Albany  to  Buffalo  to  accommodate  barges  carrying  two  thousand 
tons — the  same  distance  and  same  elevations  to  overcome. 

Investigations  have  not  gone  far  enough  to  show  what  the  costs 
of  construction  or  of  operation  of  such  canals  would  be. 

That  all  or  any  of  the  above  are  industrially  feasible  is  not  the 
province  of  this  department  to  say,  but  it  is  urged  that  the  question 
of  cheap  transportation  is  of  such  great  importance  to  all  that  it 
should  engage  the  earnest  attention  of  the  legislature  to  the  end 
that  an  intensive  study  be  made  of  the  whole  subject. 

Following  the  suggestions  contained  in  the  above  quotation,  the 
Chamber  of  Commerce  of  Sacramento  provided  funds  and  requested 
the  department  to  specially  prosecute  its  studies  on  the  feasibility  of 
constructing  a  ship  canal  from  Sacramento,  connecting  with  deep  water 
in  the  bay  of  San  Francisco. 
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A  survey  was  made  under  the  direction  of  the  department  which 
developed  the  entire  feasibility  from  an  engineering  standpoint  of  sach 
a  canal.  Unfortunately,  just  as  the  surveys  were  being  completed,  the 
calls  of  war  made  it  necessary  to  release  nearly  the  entire  force  engaged 
on  the  survey,  and  the  remaining  members  of  the  department  have  been 
physically  unable  to  devote  enough  time  from  their  routine  duties  to 
prepare  the  data  for  a  report  to  the  city  of  Sacramento.  It  is  hoped, 
however,  this  may  soon  be  done. 

Attention  is  invited  to  the  discussion  in  another  chapter*  of  a  threat- 
ened conflict  between  navigation  and  irrigation,  and  to  the  need  of 
intensive  study  of  the  claims  of  both  with  a  view  to  adopting  measures 
for  the  preservation  of  both.  With  the  close  of  the  war  and  the  return 
of  the  **boys"  of  the  department  who  are  with  the  colors,  if  funds  are 
available,  the  department  can  vigorously  prosecute  the  research  needed. 

SNOW  STUDIES. 

In  previous  reports  of  the  Department  of  Engineering,  the  desir- 
ability of  being  able  to  forecast  the  probable  magnitude  of  floods  and 
the  duration  of  run-off  for  all  streams  furnishing  water  for  use,  has 
been  discussed.  The  department,  in  co-operation  with  agencies  of  the 
federal  government,  is  measuring  the  quantity  of  water  flowing  in  the 
streams  at  all  times,  and  conducting  research  into  the  uses  of  water. 
It  is  known  now  with  a  fair  degree  of  accuracy  the  average  quantity 
of  water  discharged  by  the  principal  streams  of  the  state  every  year, 
as  well  as  the  maximum  volume  of  flood  waters  that  are  likely  to  be 
I)rodueed  at  any  one  time. 

It  is  contemplated  that  ultimately  reservoirs  will  be  built  in  the 
mountains  to  retain  a  portion  of  the  floods,  so  as  to  reduce  the  quantity 
to  be  cared  for  by  the  flood-control  works  in  the  valleys.  This  same 
water  will  then  be  used  for  irrigation  and  other  purposes. 

But  it  will  be  necessary  to  know  beforehand  when  to  begin  filling 
the  reservoirs.  If  they  should  be  filled  with  early  flow  of  water  before 
it  has  reached  flood  stage,  and  then  a  flood  came,  there  will  be  no  place 
to  store  any  of  it.  On  the  other  hand,  if  they  are  held  empty  until 
flood  danger  is  past,  there  may  not  then  be  enough  to  supply  the  needs 
of  irrigators  and  other  users. 

Every  artificial  reservoir  is  accurately  measured  and  gages  show 
every  day  the  quantity  of  water  they  contain,  but  nothing  is  known 
of  the  quantity  back  of  them  which  is  yet  to  come.  The  source  of  all 
floods  and  of  the  major  part  of  the  late-season  flow  is  the  vast  snow 
fields  about  the  heads  of  the  streams. 
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The  department  holds,  and  has  so  pointed  out  in  previous  reports, 
that  surveys  of  these  great  snow-field  reservoirs  should  be  made  and 
the  water  content  ascertained.  From  the  information  obtained,  a 
forecast  can  be  made  of  the  quantity  of  water  that  will  come  down 
when  the  snow  melts.  Such  information  will  be  valuable,  not  alone  in 
directing  the  operation  of  filling  artificial  reservoirs,  but  in  giving 
foreknowledge  of  the  summer  flow,  so  that  tlie  farmer  may  conduct 
his  irrigation  to  meet  conditions.  If  it  is  known  at  planting  time  that 
there  will  be  a  shortage  of  water  in  June  and  July,  crops  will  be 
planted  which  will  not  need  water  at  that  time  and  the  limited  quantity 
will  be  saved  to  mature  fruit  or  other  products  requiring  late  appli- 
cation. 

To  make  the  prediction  reliable,  it  is  necessary  to  know  something 
of  the  meteorological  conditions  prevailing  before  and  at  the  time  the 
snow  was  deposited.  It  is  essential  to  know  whether  the  ground  was 
dry  or  saturated;  whether  it  was  warm  or  frozen,  and  many  other 
meteorological  phenomena  which  affect  the  melting  of  the  snow. 

A  comprehensive  snow  survey  then  requires  the  use  of  instruments 
for  recording  precipitation,  temperature,  humidity  and  wind,  as  well 
as  the  water  content  of  the  snow.  In  the  latter  connection,  it  should  be 
remarked  that  the  mere  measuring  of  snow  gives  no  information  of 
value.  A  foot  of  snow  at  one  time  may  produce  nearly  a  foot  of  water 
and  at  other  times  (and  conditions)  ten  feet  of  snow  are  required  for 
one  foot  of  water. 

The  apparatus  used  in  the  determination  and  studies  are  several, 
and  most  of  them  must  be  self-recording. 

A  meteorograph  set  up  and  running  requires  attention  only  once  a 
week  (or  longer,  according  to  its  construction),  when  the  record-sheet 
must  be  changed.  It  contains  a  rain  gage,  thermometer,  hygrometer 
and  anemometer,  each  of  which  makes  a  continuous  record  upon  one 
sheet  of  the  precipitation,  temperature,  humidity,  and  the  force  and 
direction  of  the  wind.  The  whole  apparatus  is  enclosed  in  a  shelter- 
house  about  four  feet  square. 

A  snow-sampler  consists  of  a  light  jointed  metal  tube,  with  a  cutter 
at  one  end  for  penetrating  ice  or  compact  snow,  a  scale  with  sup- 
porting staff  to  weigh  the  sample  of  snow. 

To  conduct  a  snow  survey,  a  meteorograph,  or  better,  more  than  one, 
if  available,  is  set  up  in  the  field  before  the  snows  begin  to  fall.  Reg- 
ular visits  are  made  to  inspect  and  adjust  the  apparatus  and  change 
the  record-sheet.  After  the  last  snowfall,  and  before  spring  thawing 
has  set  in,  the  snow  is  measured.  Courses  are  laid  out  in  selected 
portions  of  the  field  where  average  conditions  prevail.  With  the  tube 
a  sample  of  snow  from  surface  to  bottom  is  taken  and  the  amount  of 
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water  it  contaixis  is  found  by  weighing.  The  scale  is  graduated  to 
read  direct  the  inches  in  depth  of  water  the  column  of  snow  will 
produce. 

By  taking  a  great  many  samples  on  a  course  and  having  many 
courses  laid  out,  distributed  well  over  the  field,  a  close  estimate  is  made 
of  the  quantity  of  water  held  in  storage  in  that  field.  With  the  result 
of  the  samplings  and  the  knowledge  gained  from  the  meteorograph 
records,  a  fairly  accurate  prognosis  of  the  progress  of  melting  snow 
and  resulting  water  flow  may  be  made. 

It  is  only  recently  that  meteorologists  have  taken  up  the  study  of 
snow  in  its  relations  to  the  precipitation  of  water  it  represents.  They 
have  been  content  with  reporting  the  depth  of  snow  from  time  to  time 
and  assuming  that  it  represents  a  certain  amount  of  water. 

Professor  J.  E.  Church,  Jr.,  of  the  University  of  Nevada,  has  prob- 
ably given  more  scientific  study  to  the  subject  than  any  other  man  in 
the  United  States,  if  not  in  the  world.  From  a  pure  regard  of  the 
scientific  aspect,  and  a  love  of  nature  which  finds  delight  in  com- 
muning with  her  in  all  her  moods.  Professor  Church  has  prosecuted 
his  investigations  for  some  years,  mostly  alone,  but  more  recently  in 
co-operation  with  the  local  representatives  of  the  U.  S.  Reclamation 
Service  and  the  U.  S.  Weather  Bureau. 

Although  convinced  that  the  study  of  snowfall  in  its  relation  to 
stream  flow  is  of  great  importance  and  that  it  is  one  of  its  proper 
functions,  the  Department  of  Engineering  has  heretofore  had  neither 
apparatus  nor  funds  with  which  to  make  the  investigations. 

The  legislature  two  years  ago  authorized  the  department  to  engage 
in  this  line  of  research,  but  the  act  did  not  become  effective  in  time  to 
do  anything  last  winter.  Upon  taking  up  the  subject,  it  was  found 
that  some  of  the  instruments  required  are  not  made  by  any  manufac- 
turer and  can  only  be  obtained  by  having  them  made  to  order.  Under 
war  conditions,  it  was  found  impossible  to  have  this  done. 

Fortunately,  however,  through  the  good  offices  of  Professor  Church, 
the  department  has  secured  enough  apparatus  (and  practically  all 
there  is  in  the  United  States),  to  enable  investigations  to  be  made  upon 
the  headwaters  of  about  seven  of  the  principal  streams  of  the  Sierras, 
four  of  which  run  into  the  Sacramento  and  San  Joaquin  valleys,  and 
three  into  the  irrigated  districts  of  Nevada. 

Tentative  agreements  have  been  made  for  the  co-operation  of  the 
United  States  Forest  Service,  U.  S.  Weather  Bureau  and  Reclamation 
officials,  as  well  as  of  some  large  users  of  water  in  the  territory  named. 

Professor  Church  has  generously  placed  his  knowledge  and  experience 
at  the  service  of  the  department,  and  it  is  felt  that  it  is  engaging  upon 
a  line  of  research  that  will  result  in  very  great  good. 
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TOPOGRAPHIC  SURVEYS. 

Under  an  agreement  between  the  Director  of  the  United  States 
Geological  Survey  and  the  Department  of  Engineering,  the  co-operative 
topographic  survey  of  the  state  has  been  prosecuted  during  the  past 
two  years  as  formerly.  Although  the  war  has  greatly  interfered  with 
the  work,  4068  square  miles  were  mapped  since  the  last  report.  Of 
this,  2660  square  miles  were  in  the  coast  counties  and  1408  square 
miles  in  the  San  Joaquin  Valley.  The  work  was  all  done  as  special 
military  surveys  in  co-operation  with  the  War  Department,  after  the 
declaration  of  war. 

It  will  be  remembered  that  the  survey  of  the  Sacramento  Valley  was 
completed  some  years  ago  and  maps  are  being  issued  showing  the 
topography  in  contours  of  five-foot  intervals. 

The  same  kind  of  work  is  being  done  in  the  San  Joaquin  Valley. 
The  field  work  has  extended  into  Fresno  County  and  maps  are  pub- 
lished covering  territory  as  far  south  as  Berenda. 

The  co-operative  topographic  surveys  have  been  conducted  under 
the  supervision  of  Mr.  Qeo.  R.  Davis,  geographer  in  charge  of  the 
Pacific  Division,  directed  by  Colopel  R.  B.  Marshall,  chief  geographer, 
U.  S.  Geological  Survey. 

Their  report,  in  detail  for  the  biennium  ending  June  30,  1918,  here 
follows : 

REPORT  OF  TOPOGRAPHIC  SURVEYS  IN  CO-OPERATION  BETWEEN  THE 
UNITED  STATES  QEOLOQICAL  SURVEY  AND  THE  STATE  OF  CALIFORNIA, 
FOR  THE  FISCAL  YEARS  BEGINNING  JULY  1,  1916,  AND  ENDING  JUNE  30, 
1918. 

In  accordance  with  the  co-operative  agreements  signed  July,  1916,  and  July, 
1917,  by  George  Otis  Smith,  Director,  for  the  United  States  Geological  Survey,  and 
W.  F.  McClure,  State  Engineer  for  the  state  of  California,  the  federal  survey 
allotted  $14,000  each  year,  and  the  state  an  equal  amount,  for  co-operative  topographic 
surveys  in  the  state  of  California  for  the  fiscal  year  ending  June  30,  1917,  and 
June  30,  1918. 

The  following  is  a  summary  of  the  field  and  office  work  accomplished  during  the 

above  period  under  the  general  direction  of  Colonel  R.  B.  Marshall,  chief  geographer, 

and  under  the  immediate  supervision  of  George  R.  Davis,  geographer  in  charge  of 

the  Western  Division. 

From  March  26,  1917,  all  topographic  surveys  in  California  were  special  military 
surveys  in  co-operation  with  the  War  Department. 
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FIELD  WORK. 


Quadnaglet 


Stn   Lull  Creek. — 

FlalDBberg  

Lingard    ■ 

Lu  Gbrbs  Crek.. 

BllsB    Bancb 

Ohowchllla    

Volta   

Berenda   

Loa  Banoa  .^ 

Bandy   Mush   

Kismet  

Tarner  Ranch 

Elgin    

Daulton    

No.  10 

San   Luis  Banch 

Herndon  

Friant  

Kings  River  — 

No.  21  

Wabtoke 

Sanger  

Bridge  

Indian  Oulch  

Gilroy  Hot  Springs. 

Crevison  Peak 

Crows  Landing  

Pozo  

Jamesburg 

Lucia    

San  Benito 

Gonzales    

HoUIster  


Bonanza  

Mount  Boardman 

Adelaida    

San  Miguel 

Bradley  

Paso   Roblea  

San  Simeon  

Gorda    — 

King  City  

Junipero  Serra 

Metz   

Bryson    


Totals 


GoontlM 


PubUcrn- 

tlOQ 

scale 


1 


Merced    

M  reed,  Madera 

Merced,  Madera 

Meicd,  Stanislaus  

Merced,  Madera 

Meroed,  Madera 

Merced    

Madera    

Merced    

Merced    _ — 

Madera    — 

Merced    _. 

Merced    

Madera    - — 

Merced,   Fresno,   Madera 

Merced    

Madera,   Fresno   — 


Madera,   Fresno  

Ft  sno    

Madera,   Fresno  

Fresno    - ^— 

IVesno    - — 

Madera,   Fresno   _ -.. 

Mariposa    

Santa   Clara,   Stanislaus 

Santa  Clara,  Stanislaus,  Merced 

Stanislaus,   Merced — 

San  Luis  Obispo -. 

Monterey    _ 

Monterey    

Monterey,   San   Benito. 

Monterey,    San   Benito.. 

San    Benito,    Monterey,    Santa 

Clara    — 

San  Benito,  Santa  Clara,  Merced 

Santa  Clara,  Stanlslausi 

San  Luis  Obispo 

Monterey,  San  Luis  Obispo 

Monterey,  San  Luis  Obispo 

San  Luis  Obispo _ 

San  Luis  Obispo. 

San  Luis  Obispo,  Monterey 

Monterey 

Monterey 

Monterey,  San  Luis  Obispo 

Monterey,  San  Luis  Obispo 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


81,080 
81,080 
81,680 
81,680 
91,680 
31,680 
31,680 
31,680 
81,680 
31,600 
31,680 
31,680 
31,680 
81,680 
81,680 
81,680 
31,680 
81,680 
81,680 
31,660 
31,680 
31,680 
31,680 
62,600 
62,500 
0Z.5OO 
62,500 
02,600 
62,900 
62,500 
62,500 
02,500 


1:62,500 
1:62,500 
1:62,600 
1:62,600 
1:62,500 
1:62,500 
1:62,500 
1:62,500 
1:62,500 
1:62,500 
1:62,500 
1:62,500 
1:62,600 


Primanr 
levels 


B 

m 

f 


60 
25 
60 

7 
60 
59 
60 
50 
60 
00 
60 
60 
00 
10 
60 
OO 

2 

6 

8 

6 

8 

7 

6  ;. 

147 
238 
118 

82 

S3 

77 

95 
240  ' 
120  ' 


9 
8 


r 


65 

20 


46 


81 
7 

48 
21 


97 
25 


14 


14 

I 

8S< 


62  1 ' 


2 

1 


9 
4 


9 
1 

16 
9 


150 

M»^ 

44 

--_ 

45 

_»^ 

137 

~- 

87 

.•— 

49 

— 

25  ' ' 

8  '   2  ' 


17  '. 

10  !. 


120  . 


9 
251 
275 
289 
7S?7 
GO 




"'48"-.-iri_ir 

68 ' 

! 

' i 

145 


820   49 


2,708 
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The  following  men  were  engaged  in  the  field  work : 


Topographic  Mapping. 
Capt  J.  P.  Harrison. 
Capt.  E.  G.  Hamilton. 
Capt.  Wm.  Stranahan. 
Capt.  E.  H.  Wilcox. 
First  Lieut.  L.   H.  Connely. 
First  Lieut.  R.  T.  Rvant*. 
First  Lieut.  T.  S.  Marlor. 
First  Lieut.  Uorcoo  Keeves. 
Second  Lieut.  N.   E.   Ballmer. 
Second  Lieut.  W.  G.  Carson. 
Second  Lieut.  C.  D.  Curry. 
Second  Lieut.  C.  A.   Ecklund. 
Second  Lieut.  R.  A.  Furrow. 
Second  Lieut.  N.  A.  Huth. 
Second  Lieut.  E.  N.  Murphy. 
Second  Lieut.  C.  W.  Rowell. 

Primary  Levels. 

Second  Liout.  N.  K.  Bnllmor. 
Second  Lieut.  ('.  A.  Ecklund. 

THangulation. 

L.  F.  Bigffs,  Topographer. 


Second  Lieut.  T.  P.  Pendleton. 

Second  Lieut.  R.  C.  Seitz. 

Second  Lieut.  C.  A.   Stonesifer. 

Second  Lieut.  K.  W.  Trimble. 

Second  Lieut.  W.  B.  Upton,  Jr. 

Second  Lieut.  R.  M.   mlson. 

E.  P.  Davis,  Topographic  Engineer. 

J.  L.  I^ewis,  Topographic  Engineer. 

S.  G.  Lunde,  Topographer. 

C.  W.   H.  Nessler,  Topographer. 

J.  H.  LeFeaver,  AsHistant  Topographer. 

C.  P.  MoKinley,  Assistant  Topographer. 

G.  M.  Cunningham,  Field  Assistant. 

E.  Dolliver,  Field  Assistant. 

R.  A.  Hamilton,  Field  Assistant. 


Second  Lieut.  R.  C.  Seitz. 
L.  F.  Biggs,  Topographer. 


OFFICE  WORK. 

The  office  drafting  of  the  Little  Table  Mountain,  Bereuda,  Bliss 
Ranch,  Lingard,  Turner  Ranch,  Chowchilla,  Sandy  Mush,  Plainsberg, 
Sulphur  Springs,  Le  Grand,  Raynor  Creek,  Indian  Gulch,  Kings  River, 
La  Grange,  Ingomar,  Kismet,  San  Luis  Ranch,  Merced  Falls,  Haystack 
Mountain,  San  Joaquin  River,  and  San  Miguel  topographic  maps  were 
completed  and  the  maps  transmitted  for  engraving.  Progress  in  the 
drafting  of  additional  sheets  was  made  as  follows:  Los  Banos,  45  per 
cent ;  Bradley,  85  per  cent ;  Bryson,  5  per  cent ;  Daulton,  10  per  cent ; 
Elgin,  80  per  cent;  Gorda,  70  per  cent;  Jamesburg,  10  per  cent; 
King  City,  10  per  cent ;  Junipero  Serra,  10  per  cent ;  Las  Garzas  Creek, 
10  per  cent;  Metz,  85  per  cent;  No.  10,  80  per  cent;  San  Benito, 
10  per  cent;  San  Luis  Creek,  15  per  cent;  San  Miguel,  80  per  cent; 
San  Simeon,  30  per  cent;  and  Volta,  80  per  cent. 

Primary  level  circuits  were  adjusted  for  the  following  quadrangles: 
Arroyo  Grande,  Cayucos,  Jamesburg,  Los  Banos,  Paso  Robles,  Sanger, 
San  Miguel,  Wahtoke,  Adelaide,  Bradley,  Bryson,  Cholame,  San 
Simeon,  and  Valleton. 

Geographic  positions  were  computed  for  the  following  quadrangles: 
Jamesburg,  Lucia,  ^Metz,  King  City,  Bradley,  San  ^liguel,  Br>'son,  San 
Simeon,  Paynes  Creek,  Burney,  Dixie,  Prattville,  Los  Banos,  Laguna 
Seca  Ranch,  No.  15,  Elgin,  No.  18,  ^lendota,  No.  10,  Sheep  Ranch,  No. 
19,  Center  School,  Firebaugh,  Jamison,  Dos  Palos,  No.  23,  Kerman, 
Oxalis.  Chancy  Ranch,  C'arrisalito  Springs  and  Tranquillity. 
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A  SCENIC  HIGHWAY. 

The  John  Muir  Trail. 

John  Muir  was  a  geologist  of  more  than  national  reputation  and  an 
accepted  authority  on  glaciers  and  glacial  action.  His  writings 
descriptive  of  world  building,  as  recorded  in  the  granites  of  the  moun- 
tains, has  done  more  than  any  other  agency  to  call  attention  to  the 
incomparable  scenic  beauties  of  the  High  Sierras. 

In  recognition  of  his  services  in  making  known  these  wonderful 
playgrounds  of  the  gods,  the  legislature  of  1915  provided  for  the  con- 
struction of  a  safe  trail  extending  along  the  axis  of  the  Sierras  from 
Mount  Whitney  to  Yosemite  Valley,  and  confided  to  the  department 
the  task  of  building  it. 

Although  the  appropriation  made  for  it  was  inadequate  tG  accomplish 
all  that  was  desired,  by  enlisting  the  co-operation  of  the  United  States 
Forestry  Service,  and  the  Sierra  Club,  a  fairly  serviceable  path  was 
constructed,  under  the  direction  of  the  State  Engineer,  as  stated  in  the 
last  report  of  this  department. 

During  1917  the  work  was  continued,  particular  attention  being 
given  to  bridges  and  the  improvement  of  bad  stretches  of  trail.  Owing 
to  conditions  due  to  the  war,  it  was  considered  not  advisable  to  attempt 
construction  work  during  the  year  just  closing. 

All  work  of  location  and  construction  has  been  done  under  the  direct 
charge  of  Forestry  Service  oflScials,  to  whom  credit  is  due,  particularly 
to  Forest  Supervisor  W.  A.  Benedict,  Deputy-' "Supervisor  Jordan,  and 
Ranker  John  M.  Hughes. 


EXPENDITURE  ON   APPROPRIATIONS. 
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APPENDIX  A. 

Expenditure  on  Appropriations  July  1,  1916,  to  June  30,  1918. 

NoTB. — ^These  accounts  closed  on,  and  transferred  to  California  Highway  Commis- 
sion, July  27,  1917. 


Cluptor 


Name  of  Job 


State  Roaob   (Motor  Vehicle  Fund.) 

OflSce  expenses 

Add  credit 


Deduct  amounts  transferred  to  other  roadf> 
Total    


Alpine  Stat;  Highway. 
Add  credits  _ 


Deduct  transfers  to  other  roads. 
Total 


Auburn-Emigrant  Gap  Road. 
Add  credits 


Total 


California  Redwood  Park  Road. 
Add  credits  


Total 


Donner  Lake  Road. 
Add  credits  


Total 


Emigrant  Gap  Road. 
Add  credits  


Total 


Kings  River  Road. 
Add  credits  


Total 


Lake  Tahoe  Road. 
Add  credits  


Total 


Lassen  Road  

Deduct  transfer  to  Alpine  Road. 


Total 


Meyers-McKinneys  Road 
Add  credits 


Total 


Mono  Lake  Basin  Road. 
Add  credits  


Total 


Sonora  and  Mono  Road. 
Add  credits  


Total 


Balance. 
July  1,  1916 


$11,440  68 
125  00 


$11,571  68 
1,911  68 


$9,090  00 

$20,454  40 
81,718  09 


$62,178  12 
1.750  00 


$50,428  12 

f7,439  68 
28,929  65 


$81,889  28 

$4,770  22 
0.600  00 


$11,270  22 

$10,348  18 
18,600  00 


$28.8i8  12 

$10,387  20 
12,000  00 


$22,807  20 

$8,00100 
2,000  00 


$5,00100 

$10,501  07 
80,800  00 


$40,801  07 

$4,209  07 
700  00 


$3,C09  07 

$7,007  29 
24.400  00 


$82,007  29 

$0,190  07 
10,000  00 


$26,190  07 

$4,882  55 
8,200  00 


$12,582  66 


Expended 


$9,020  47 


44,294  61 


80,562  77 


10,702  08 


28,415  27 


10,148  14 


4.204  28 


88,306  68 


1,721  Jn 


Balance. 
July  27.  1917 


18,106  OS 


I 


9,477  89 


$89  58 


8,128  61 


813  40 


514  19 


6,482  86 


0.264  00 


797  43 


2,406  54 


1,»47  70 


24,440  02  I  7.560  67 


7.068  04 


3,104  01 
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APPENDIX  A— Continued. 
Expenditure  on  Appropriations  July  1,  1916,  to  June  30,  1918. 


Chapter 


678, 1915 
120,  1913 
468,  1911 
4dS.  1911 


398, 1913 
619, 1913 
602, 1911 
117,  1913 
334,1911 
762,  1915 
498, 1911 
764, 1915 
765,  1915 

GW,  1915 


283,  1915 


Suae  of  Job 


!  Trinity  and  Humboldt  Road. 
Add  credits  


Total   _ 

Tahos  GIty-Cryetal  Bay  Road. 


Tiofi^a  Road 
Add  credits 


Total 


State  Roads  (Special  Appropriation), 

I  Auburn-Emigrant  Gap  Road. 

Alpine  Road - _ 

Alpine  Road 

i         Add  credits 

!         Total    — 


California  Redwood  Park  Road 

Emigrant  Gap  Road 

Kings  River  Road. 

Lake  Tahoe  Road 

Lake  Tahoe  Road 

Lake  Tahoe  Road 

Lassen  Road 

Pescadero  and  Redwood  Park  Road. 
Surprise  Valley  Road 


Tahoe  Glty-Orystal  Bay  Road. 
Add  credit 


Total 


Tolo  and  Lake  Road.. 


Balance. 
July  1.  1916 


_         .  .  Balaoee. 

EstPenaed     i  jj^  j^.  1»1T 


92,387  48 
11.700  00 


$14,0OT48 

16,000  00  ' 

$11,387  85  ' 
25,000  00  I 


9468,48 
889 
2  42 

287 


$5  29 

116  77 
1  18 
180 
289 
278 
0,884  55  I 

136  96 
10,000  00  , 
285  66  I 

$3,000  00 
8,000  00 


18,000  00 
1040  58 


$18,801  04 
5,894  78 


$86,887  85  I        84,007  15 


468  48 
889 


242 
16  77 

lis 

180 
289 
278 
4.06142  ' 

12  96 

9,60190  I 

164  86 


5,990  66 
263 


$S»41 


105  27 


2,270  70 


287 


IS 

124  01 

88610 

70  72 


981 
867  95 
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APPENDIX  A— Continued. 
Expenditure  on  Appropriations  July  1,  1916,  to  June  30,  1918. 


Chapter 


465,1913 
«4, 1915 
877,1917 
007.1915 

25, 1911 
608,1900 
52B,  1911 

M,  1901 
742, 1911 
502, 1911 


448,1913 
584,1911 
513, 1913 
532,1911 
71,1909 
581, 1911 
538, 1911 
221,1915 
202,1915 
281, 1917 

280,  1917 
858,1917 
358,1917 
775, 1917 
Cont.  5949,  6127' 


488,1913 
400,1018 
549, 1913 
298,1915 
310, 1917 
321, 1915 


315k  1917 
511,1909 
207. 1911 
271, 1911 
408,1913 
270.1911 
291,1916 
548, 1911 
492,1913 
471, 1917 
700,1917 
102.1913 
M915 
^1911 


178,1918 
224,1915 
460.1913 
282.1917 
450,1913 
136, 1911 
586. 1918 


Name  of  Job 


Balance,  July 

1.  1916.  and 

appropriations 


Blended 


Balance. 
July  27.  1918 


Rivers. 

R8ctlf7ing  river  channels 

Rectifying  river  channels,  available  7/1/16.. 
Rectifying  river  channels,  available  7/27/17. 
San  Rafael   deep  water  channels   (main- 
taining navigability) _ 

Sacramento  River  flood  control 

Humboldt  Bay  survey j 

Mad  River  bank  protection _; 

Restraining  debris * 

Canals  and  canalization  of  rivers 

Eel  River  bank  protection 

Aqriculturai.  Park. 

Bams,  sheds  and  poultry  buildings 

Dairy  buildings  and  bams — 

Drainage  and  sewers 

Grandstand — 

Machinery  Hall — — 

Manufactures  Pavilion 

Infield  walks  and  Improvements.  _ 

Construction  and  repairs,  barns  and  sheds 

Women's  Building 

Improvement  to  grounds  and  erection  of 

barns 

Construction  and  repairs  to  buildings 

Temporary  pavilion 

Repairs  to  Manufactures  Building. 

Construction  Agricultural  Pavilion 

Sewer,  water,  spur  track 


Armories. 

Armory,  Los  Angeles 

Armory,  Sacramento 

Armory,  San  Francisco 

Armory,  Naval  Mtiltla,  San  Diego. 
Armory,  Naval  Militia,  San  Diego. 
Armory,  Stockton _- 


Schools. 
California  Polytechnic. 

Construction  of  barn 

Construction  of  bams 

Dining  hall 

Heating  system 

Heating  system 

Power,  heat  and  light 

Repairs  to  building  and  equipment- 
Repairs  and  Improvements 

Repairs  to  buildings. 

Repairs  to  buildings 

Water  supply 

Water  system _. 

Water  supply 

Water  and  sewer  system _. 


Chico  State  Normal. 
Repairs  and  additions  to  beating  system..  > 

Repairs  and  Improvements 

Repairs  and  alterations. 

Additions  to  training  building , 

Water  supply 

Passageway 

Street  work 


$093)3  17 
100,000  00 

eo.ooo  00 


I 


$60,803  17 

100,000  00 

30,417  88 


$89,562  62 


12,600  00 

1 

12,500  00 

29  86 

1 

2986 

499  46 

........M..M».. 

499  46 

7,217  41 

1,987  29 

6,280  12 

42.886  88 

267  47 

42,068  91 

3  47 

-•««•-—••.•. 

8  47 

50 

1 

60 

8,825  18 

8,328  10 

407  06 

176  43 

1 

178  48 

8,456  32 

1    '^444  96 

1189 

64  22 

1      4800 

16  22 

398  68 

372  61 

2102 

56i  12 

294  79 

269  88 

180  82 

.....^ 

189  82 

4,555  12 

4,482  64 

72  58 

18,487  86 

18.454  29 

88  67 

8.600  00 

8,802  12 

197  88 

5,000  00 

1,697  86 

3,802  64 

4,110  27 

4,110  27 

1,025  00 

1,025  00 

300,000  00 

83,283  75 

206,760  25 

1,966  43 

1.206  73 

759  70 

2,962  45 

2,488  78 

548  72 

1,410  46 

415  06 

006  40 

1,666  42 

1,666  42 

328  51 

22  88 

806  18 

800  00 

........«_.... 

80OOO 

22,680  86 

22,574  88 

106  02 

4,000  00 

4,000  00 
22 

24  22 

24  00 

184  14 

87  50 

96  64 

4  81 

4  81 

10  00 



10  00 

10  21 

10  00 

21 

00  98 

11  88 

49  10 

2  68  , 

2  68 

143  62 



148  62 

6.000  00 

4,828  39 

17161 

56,000  00 

66^000  00 

296  46 

296  46 

15.040  16 

3,902  oi' 

11,187  68 

23  19 

1 

22  00 

1  19 

79  07 

79  07 

1,145  42  ' 

1,089  69 

66  73 

804  06 

306  30 

76 

16,000  00 

7,945  84 

8,054  16 

116  95 

90  66 

26  89 

26  81 

26  81 

75  70 

75  70 

100 
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APPENDIX  A— Continuad. 
Expenditure  on  Appropriations  July  1»  1916,  to  Juno  30,  1918. 


Chtptor 


Name  of  job 


Balance.  Julj 

1.  1916,  and 

an»roi>rlatloo8 


Balance. 
July  17. 191t 


207,1916 
504,1911 
240,  1917 
171, 1913 
398.  1915 
393,  1915 
393, 1915 
516, 1913 
803, 1917 


204,1915 
748, 1917 
237, 1917 
742, 1917 


336. 1917 
382. 1915 
416,  1911 
<i04, 1913 
340, 1917 
384. 1917 


156,1909 
172, 1913 
529, 1913 
549, 1911 
301, 1915 
680, 1911 
411, 1917 
522,1909 
531, 1913 
196, 1911 
20G,  1911 
OoQt.  3850 


246, 1917 
286, 1915 
491, 1913 
624, 1011 
308, 1917 
338, 1917 
234, 1915 
490.  1913 


491. 1017 
123, 1911 

421. 1018 
226,1915 
Cont.  1302 


219, 1915 
468, 1913 
49»,  1913 
258, 1917 
248, 1915 
193, 1011 


Schools — Continued. 
Freano  Normal. 

Grounds   

Groundg   

Completion  of  plant  and  equipment 

Temporary  bulldlne:8 

Water  supply  — 

Furnishings  

Clock  system 

Bunding  and  equipment 

To  pay  claims  of  contractors 


Humboldt  State  Normal. 

Construction  and  equipment... 

General  Improvements 

Painting  temporary  buildings 

Equipment  and  furnishing 


Loa  Angeles  State  Normal. 

Additions  to  buildings.. 

Addition  to  manual  training  building. 

Building  and  Improvement  fund 

Bleacher  and  playground  equipment.. 

Improvement  to  grounds 

Repairs  to  buildings  and  equipment 


Preston  School  of  Industry. 

Two  cottages _ 

Cottages -. 

Hospital  - — 

Concrete  floor 

Repairs 

Repairs 

Repairs  and  improvement 

Pipe  line  - - 

Addition  to  trades  building 

Water  system — 

Water  power  plant _ — 

Club  house 


San  Diego  State  Normal, 

Improvements  to  grounds 

Grounds    

Improvement  to  grounds 

Heating  plant  

Paving 

Repairs  and  Improvements 

Repairs  and  Improvements 

Repairs 


San  Francisco  State  Normal. 

Buildings 

Repairs    ._ 

Repairs  and  furnishing 

Remodeling  buildings 

Repairs    


San  Jose  State  Normal. 

Outdoor  classrooms 

I  Gymnasium  and  playgrounds 

j  Repairs 

Assembly  hall 

Street  improvements 

Grounds - 


16,404  89 

8,903  19 

17,000  00 

101  12 

8,581  00 

1,01^4  00 

948  00 

48,726  38 

56,000  00 


89  56 

280,000  00 

1,000  00 

14,000  00 


14,800  00 

126  61 

12  01 

100  96 

10,000  00 

8,000  00 


68196 

12,990  75 

11,188  42 

702  43 

14,875  56 

as  79 

10,000  00 

2  21 

10,010  40 

666  26 

088 

1,400  00 


6,600  00 

186  89 

885 

18  00 

1,500  00 

7,000  00 

288  79 

15  06 


460,000  00 

22  08 

8106 

209  62 

1,978  06 


8,850  68 

18  22 

186  64 

80,000  00 

9,070  87 

188  43 


|6»968  71 

2;410  22 

11,709  20 

"siS  00 

1,074  00 

880  66 

48,689  92 

47,888  90 


86  18 

10,069  62 

099  01 


10,290  01 

124  90 

809 

^00 
2,681  09 


12,022  61 
443  48 


18,758  14 

26  76 

8,074  68 


1,800  81 


6,282  78 

186  88 

825 


80  44 

6^708  81 

288  88 

14  91 


8,286  90 


1416X9 

5,S90n 

101  u 


118  05 
88  41 

r,onoi 

442 

219,910  48 

89 

14.000  00 


4»9  99 

281 

882 

196  96 

9,760  00 

418  81 


68195 

837  24 

10.744  99 

702  48 

1,122  41 

1  01 

0,8S48 

Stl 

10,010  40 


OSS 
S09 


217  22 

01 

10 

18  09 

1,409  50 

297  18 

40 

U 


450^000  00 

28  61 

8106 

188  02 

1,077  09 


784  46 
207  46 


1  sr 


00  88 

ISIS 

185  54 

79JI6  54 

9,8IS  42 

1X8  43 
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APPENDIX  A— Contlnuftd. 
Expenditure  on  Appropriations  July  1,  1916,  to  June  30,  1918. 


Chapter 


295, 1915 
2*»7, 1917 
299. 1915 
294, 191 S 
546, 1911 
547,  1911 
250,  1917 
412, 1917 


S8S.  1917 

mi7. 

1917 

9S\ 

1917 

863, 

1917 

asi. 

1917 

mi, 

1917 

474, 

1917 

239. 

1915 

318, 

1915 

241. 

1915 

262. 

1915 

210, 1915 

319, 

1915 

320, 

1913 

401, 

1918 

Cent.  2ffH 

8S6, 

1917 

238,1915 

Ids.  1911 

283. 

1911 

865. 

1917 

859, 

1917 

357, 

1917 

427. 

1913 

317. 

1915 

282. 

1911 

Cont.  1406 

C6nt. 

440, 

1913 

6'i5, 

1911 

217. 

191o 

442, 

I&IS 

249, 

1915 

2iH, 

1915 

294. 

1917 

277, 

1915 

2<«.1917 

514. 

1918 

251. 

1913 

34.S. 

1917 

250. 

1915 

369, 

190J 

328,1911 

418, 1913 

419, 

1918 

245, 

1915 

268.1917 

292,1917 

tt9. 

1917 

Name  of  Job 


Schools — Continued. 
Santa  Barbara  State  Normal 

Grounds    , 

GymnaBium  _ _. 

Machinery  buflding 

Bspaire   

Main  building 

Lunch  room 

Sewer  system  

Street  improyement 


California  School  for  GIrla. 

Trades  building  and  gymnasium 

Ciottagee 

Heating  system ._. _ 

Improvein°nt  of  grounds 

Ice  plant 

Service  connections 

Water  system  _>. 

Commissary  buflding 

Two  cottages 

Cottage  for  males 

Drains    

Farm   buildings  

Garage - 

Grounds    _ 

Construction  and  equipment 

Water  system  


Whittier  State  School. 

Buildings    — 

Cottages 

Cottages  _ 

Dairy  bam 

Power  house _ 

General  repairs  and  improirenients. 

Alterations   and  construction. 

Repairs    

General  repairs  and  improvements.. 

Repiping  _ 

Water  system  ^ 

General  repairs  


Ho  St  ESS 

California  School  for  Deaf  and  Blind, 
Gymnasium  _ _ 

Manual  industrial  arts  building 

Repairs  and  improvements 

Dairy  barn 

Fire  escapes  

El-ctric  wiring 

Electric  wiring _ 

Heating  system  

Heating  system  

Repairs  and  improvements 

Repairs  and  improvements 

Repairs  snd  improvements 

Development  of  wells 

Plumbing,  etc. 

Water  supply   - - 

Induetrial  Home  of  Mechanical  Trtidea 
for  the  Adult  Blind,  Oakland. 

Dormitory   

Floors    


Repairs    

Improvement  grounds 

,  Repairs  and  improvements. 
I  Water  supply 


Balance,  July 

TlftlAfflrf^ 

1.  1916.  ami 
approprlationa 

Expendecl 

July  27.  1918 

(10  36 

$10  88 

90  02 

20,000  00 

8.240  65 

11,769  85 

1,109  88 

1,087  74 

21  61 

619  20 

487  68 

81  67 

866 

^^ ^^ r,  _, ,  _, 

856 

878 

8  17 

66 

1,000  00 

979  97 

20  08 

6,000  00 

6,000  00 

80,000  00 

859  16 

29.640  86 

68.000  00 

684  81 

02,865  69 

1,200  00 

990  66 

209  84 

4.000  00 

2,770  86 

1,229  14 

2,000  00 

1.742  86 

267  16 

6.000  00 

6.000  00 

10,000  00 

88  96 

9,669  05 

1.482  52 

1.286  66 

146  96 

6.188  91 

6.184  16 

4  75 

1,064  22 

1,060  69 

858 

186  25 

188  98 

282 

1,786  16 

1,688  02 

48  14 

628  82 

604  78 

28  69 

2,017  64 

1,WM  So 

82  81 

4,019  18 

8,408  16 

616  08 

600  00 

600  00 

82.500  00 

46,268  79 

86,286  21 

68,804  99 

66,285  68 

69  86 

1.686  99 

1.586  99 

18  20 

18  20 

25.000  00 

887  84 

24,112  16 

2,755  00 

2.715  60 

89  81 

45.000  00 

22,706  59 

22,204  41 

662  43 

662  48 

l,30r>«) 

1,302  45 

3  15 

1  28 

128 

438  66 

466  65 

10  20 

10  20 

1,86169 

1,180  65 

281  14 

428  62 

166  46 

270  06 

606  87 

604  69 

1  28 

809  83 

292  80 

17  68 

1,500  00 

1,474  80 

26  70 

lo.aww 

ia687l7 

80  10 

5,000  00 

4,971  82 

28  18 

24,448  32 

24.811  67 

186  76 

21.000  00 

16.646  78 

6.464  22 

106  21 

162  42 

48  79 

496  26 

469  96 

681 

20.000  00 

14.012  51 

5.967  49 

8,960  00 

8,686  04 

844  96 

2  64 

2  64 

8  80 

'"'  " 

890 

971  60 

669  67 

811  88 

10S69 

—••>•••••«..«•• 

102  68 

906  08 

906  88 

466 

460  00 

440  96 

19  04 

8,700  00 

8,486  46 

114  64 

4,260  00 

2,996  47 

1.26168 

102 
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APPENDIX  A— Continued. 
Expenditure  on  Appropriations  July  1,  1916,  to  June  30,  1918. 


Chaptar 


Name  of  Job 


608,1913 

509, 

1913 

208, 

1915 

209. 

1915 

297, 

1915 

434, 

1913 

264. 

1917 

SW, 

1917 

485, 

1913 

25"), 

1917 

Homes — Continued. 
Sonoma  State  Hovie. 

Oottage  for  epileptics 

Bunding  lor  larm  bands 

Barracks — 

Improvement  grounds - 

Water  and  steam  piping  and  plumbing 

Septic  tanks  — - 

Cottage  

Reconstruction  Madrone  Hall  for  commis- 


Balanoe,  July 

I.  1916.  and 

aivroprlatloos 


Expended 


231.  1917  I 

436, 1913 

298,  1915 

568.1909 

619,  1911 

352,  1917 

448, 1909 

239,  1911 

433.1913 

351, 1917 

I 

Est.  #617  r 

Est.  #1121  > 

Est.  #1124  , 

Est.  #7126,  7127  , 
Emerg.  Fund,  ' 
Chap.  393, 1915  I 
Oont.  est.  #778  \ 


214, 1915 
511, 1911 
511, 1911 


sary _ 

Dormitory  _ - — 

Bakery  building _ 

Laundry  building _ 

Nursery  for  males 

Nursery  lor  girls 

Power  house  and  boiler _ _ 

Reflooring   -— 

Reflooring   

Repairs.  Manor  House 

Water  supply — 

Water  supply  

Steam  pipe  extension _ 

Sonoma  State  Home  Contingent  Fund- 
Cannery  building - 

Tubercular  hospital — . 

Plana  for  development  of  grounds 

Reconstruction  of  barracks.— 


Reconstruction  of  barracks 

Water  purifier  and  storage  tank. 

Veterans*  Home. 

Bath  rooms  In  barracks. 

Cottage  C 

Cottage  C-credit  


483 

410 

482, 

213 

483 

212, 

252 

216 

236 

60t» 

486 

409 

470, 

507 

21'i 

608 

285, 

411 

609, 

488, 

621 

510 

483 

895, 

391 

304 

426 

244 

392, 


248 


1913 
1913 
1913 
1915 
1913 
1915 
1909 
1015 
1911 
1911 
1909 
1913 
1913 
1911 
1915 
1909 
1911 
1918 
1911 
1900 
1911 
1911 
1917 
1917 
1917 
1917 
1917 
1917 
1917 
1917 
1917 


Dairy  bam _ 

Painting  _.. 

Plumbing   _ 

Repairs    

Assembly  hall  - - 

Ten  cottages  

Distilling  water  

Electric  wiring  - 

Fire  escapes  

Grounds   - ._ 

Addition  to  hospital 

Lavatories 

Pipe  line  

Plumbing  

Plumbing  and  repairs 

Repairs  to  buQdings 

Cold  storage  

Repairs  to  buildings. 

Repairs  to  buildings 

Storehouse  and  commissary. 

Septic  tanks  - 

Surgeon's  residence  - 

Boilers  

Obapel   

Electric  wiring 

Quarters  for  inebriates 

Kitchen,  etc.  

Painting  bufldings 

Plumbing  • 

Repairs  and  Improyementi.. 
Tubercular  ward  —.-. 


$46  78 

156  56 

8,522  98 

X430  23 

16,248  11 

41  00 

15,000  00 

5,000  00 

56  81 

15.000  00 

22.500  00 

138  23 

20,0'79  41 

62  66 

559  88 

4,000  00 

18  78 

27  00 

6,107  06 

8,100  00 

298  02 
8.868  64 

197  68 
6,000  00 

3,500  00 
475  04 


10,421  92 

98  25 

465 


102  80 

43  09 

89  83 

900  51 

10,558  08 

176  68 

21,884  08 

79  82 

3,484  88 

256  68 

108  91 

90 

2166 

897  48 

782  89 

8,189  01 

959 

81  71 

76  75 

82 

106  20 

875  81 

66  07 

15,000  00 

6,000  00 

2.600  00 

8,000  00 

4.000  00 

r.6oooa 

2.600  00 
13.000  00 
10,000  00 


Balance, 
Jaly  27.  I91S 


$86  48 

sjsa  65 

1.429  96 

16^240  18 

89  81 

6,166  50 

4r80  i 

428  68  1 

500  26 
1 

19,848  12  ' 

M  40 

497  00  I 

2;617  94  1 

18  75 

27  46 

4.100  51 

8,065  S7  1 

861  OB 
8.806  60 

189  02 
4.989  86 

3.816  87 
463  94 


10.857  98 


148 

looo' 

087  08 

10,832  22 

81  06 

SI,8SS  98 

26  85 

8,484  78 


770  2S 
8,569  70 


10  00 


87  00 


4>186  65 
1.014  88 
8^991  82 
1.800  80 


0,094  68 
8^409  88 


$10  30 

UI55 

128 

28 

796 

178 

83B44 

6,000  00 

10  04 

14.57817 

21.S69  74 

1S8  2S 


28  2S 

62  88 

1,882  06 

498 

14 

997  51 

6478 

*8S96 

•52  04 

850 

1014 

183  IS 
1110 


68  09 


iffiftr 

48  09 
683 
848 

SS81 

96  87 

10 

62  97 

SO  15 


102  91 

90 

94  66 

807  43 

U6S 

4^tl 

989 

2171 

70  75 

81 

106  29 

8»r74 

66  07 

16.009  00 

814  18 

1.486  IS 

4.60618 

1698  89 

r.no«9 

8.1800  00 
6^880  « 


eT)afiii*nA<4    fA    /^Av«*l«..vA.*    !?<.._  ^ 
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APPENDIX  A— Continued. 
Expenditure  on  Appropriations  July  1,  1916,  to  June  30,  1918. 


248, 1917 


400,1913 
473, 1913 
006.1913 
307, 1917 
332.1917 
754,  1915 
Eet.  1689 
Est.  IS754 
Est.  #6100 

Est.  mi5 

Est.  #9369 
Est.  #10654 


107,1913 
125,1911 
481, 1913 
220. 1915 
192, 1915 
305,1915 
Cont.  e8t.#7290 
CoDt.  e8t.#9f?9 
OoDt.  est.  #070 
Cent.  Mt.#98^ 
Oont.  est.#89l 
Cont.  est.#3049 
Oont.  et>t.#582S 
Cont.  est. #6407 
Cont.  est.«984 

Cont.  e?t.#986 
Cont.  est.#103» 
Cont.  est  JToOlO 
Cont.  eflt.#1058 
267. 1917 
268, 1917 
209,1917 
325,  1917 
296,1917 
326,1917 
327, 1917 
370, 1917 
371,1917 


487, 1913 
486. 1913 

4C8, 1913 

406, 1918 
407, 1913 
489/1909 
506. 1011 
314.1900 
404.1913 
815,1009 
327, 1915 
488, 1018 
489, 1913 
352,1915 
325,1915 
334. 1915 


Name  of  Job 


BAlanoe,  July 

1.  1916.  and 

appropriations 


Women's  Relief  Corps  Home. 
Repairs  and  improvements 


Hospitals. 
Agnews  Btate  Hospital. 

Workers*  eottage  

Nurses*  home 

Wiring  and  steam  line 

Cottage  "M"  

Workers*  cottage  for  men 

Patients'  cottage 

Contingent  clock  system 

Contingent  drafting  _ — 

Contingent  repairs,  gas  plant,  etc.. 

Contingent  well - 

Contingent  electric  transformers... 
Contingent  pumping  plant 


Expended 


Balance. 
July  27.  191!l 


Mendocino  State  Hospital. 

Dam  and  reservoir. 

Male  cottage 

Gas  plant  .— 

Elevators  - 

Pipe  line — 

Plumbing  repairs — 

Alt'^rations,  administration  building. 

Addition  to  kitchen 

Steward's  residence  — 

Pipe  lines,  etc 

Manager's  cottage 

Pipe  lines  from  power  bouse  to  buildings.. 

Remodeling  superintendent's  residence 

Repairs  to  plumbing 

Survey  and  map  for  plumbing  and  steam 

lin^s r- - — - 

Concrete  conduit  _ 

Inspection  proposed  construction 

Water  supply _ 

Electrical  work _ _ 

Water  softening 

Reconstruction  Ward  No.  7 

Repairs,  floors — 

Plumbing  repairs — . 

Laundry  and  bakery 

Enlarging  operating  rooms.. 

Reconstruction  Ward  No.  10— 

New  boilers  _— 

Repairs,  administration  building 


Napa  State  Hospital. 

Dairy  buildings 

'  Dormitories  and  sheds 

'  Credit  material  returned 

Heating  system 

Laundry  building 

Cottages  

,  Female  cottage _. 

Irrigation    - — 

Kitchen    --. 

North  pay  cottage 

I  Receiving  and  treatment  building. 

South  pay  cottage 

Rewiring  — 

Reclamation  of  low  lands 

Power  house 

Men  patients'  cottage. 

Women  patients'  cottage 


$5,000  00 


13,717  21     11,282  79 


I 


6,621  78 

1.072  60 

6.44918 

2,255  51 

848  24 

1,912  27 

88  34 

88  84 

27,000  00 

1,0S0  20 

26,889  80 

46,000  00 

2,685  07 

48,814  98 

22,270  52 

21.964  77 

286  76 

7,687  70 

7,882  88 

244  87 

500  00 

500  00 

8,100  00 

2,646  06 

464  92 

2,000  00 

1,927  67 

72  48 

1,600  00 

1,468  23 

86  77 

1,750  00 

1.749  06 

96 

8,042  91 

8,042  91 

258  22 

...———-.— 

258  22 

890 

.  a.  ..  ai^ -.i  •— -  -  > 

890 

7,402  44 

7399  07 

887 

9,235  71 

8,648  26 

092  45 

4.769  19 

4,786  88 

82  86 

6.875  00 

6,0«8  78 

«326  22 

8.069  46 

7,947  42 

*142  04 

575  89 

56194 

*28  95 

1,458  86 

1,310  07 

•148  79 

2,501  54 

2,484  15 

•17  89 

1,600  00 

1,428  75 

•77  26 

4,600  00 

4,49100 

•9  00 

750  00 

788  80 

•1120 

250  00 

127  81 

•122  09 

588  27 

528  48 

•14  84 

546  00 

589  84 

•5  66 

6,900  00 

78  99 

6,82101 

8,019  46 

5,844  26 

2,176  21 

7,600  00 

74  64 

7,486  88 

6.000  00 

810  85 

4,689  66 

2,500  00 

1,814  81 

1     686  19 

5,000  00 

282  46 

4,767  64 

18,000  00 

16,417  80 

1,582  70 

8.000  00 

8.000  00 

20,000  00 

11,547  59 

8,468  41 

18,000  00 

6,856  17 

11,141  88 

8,500  00 

1,488  80 

2,016  20 

1,018  46 

606  96 

1     45161 

488  72 

296  86 

146  87 

4  81 

) 

148  89 

1  s 

162  70 

254  91 

290 

28201 

2,574  85 

1    2,814  01 

90O84 

319  48 

819  48 

4  54 

1 

454 

51  09 

61  99 

46  96 

40  95 

84  88 

T9    OV 

8488 

11,072  76 

11,078  24 

69 

78  72 

•  •M  V*ta  ww«^»«« 

7879 

780  16 

709  12 

1    no4 

4.46165 

4,428  56 

8809 

14.684  04 

14,583  17 

m 

18,889  17 

1   18,281  76 

166  49 

•Returned  to  Contingent  Fund,  Mendocino  Ftato  Hospital. 
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APPENDIX  A— Continued. 
Expenditure  on  Appropriations  July  1,  1916,  to  June  30,  1918. 


Chaptflr 


Name  of  Job 


Balanoo,  July 

1.  1916.  and 

appropriations 


328,  1915 
242,  1917 
396,1917 
307,  1917 
S98. 1917 
399,  1917 
410, 1917 
241, 1917 
4a>,  1917 
480,  1917 
903,  1911 
406,  1913 
Cont.  est.«998 
Cent.  e8t.#1028 
Cont.  est  J1027 
Cont.  eBt.#9767 
Cont.  est.  #461 
Cont.  Cfit.#63e 
Cont.  e8t.#783 

Cont.  e8t.#1267 

Cont.  est. #2214 
Cont.  e8t.#2928 
Cont.  e8t.#0S18 
Cont.  eBt.#763l 


4S5,  1013 
2'J7, 1915 
341,1917 
343. 1917 
344,  1917 
845.  1917 
846.1917 


2I>^.  1915 
4%,  1913 
307,  1915 

336,  1917 

337,  1917 

338,  1017 
330.  1917 
404, 1917 
477,  1918 

461,  1909 

462,  1909 
4.17.  1909 
4.'i0.  1900 
155,  1907 
46}.  1909 
381.1911 
497.  1918 
458^  1909 
Cont.  e6t.#1098 
Cont.  e8t.#5IlO 


Hospitals — Continued. 
Napa  State  fTospitat— Continued. 

Home  lor  working  men 

FattioloKical  laboratory  

Laundry  machinery 

Power  house  and  machinery 

Electric  elevators — 

Sswer  line  > 

Reclamation  and  Irrigation 

Cottag?  for  females 

Two  cottages  

Water  supply 

Cold  storage 

Boilers   

Gas  plant  _ 

Dell  tower  

Plans  for  alteration  chapel 

Equipment  for  well 

Remodding  bakery  and  kitchen 

Bungalow  for  Dr.  Ogden __. 

Replace  roof  on  laundry  and  surrey  of 

sewer  lines  

Alterations   assembly  building   and  class 

rooms 

Power  plant  equipment 

Sewer  line  and  heating  conduit 

Conduit  to  south  pay  cottage 

Survey  of  pipe  line ., 


Nortoalk  State  Hospital. 

Buildings   _ ._ 

Buildings    

Bakery  equipment 

Superintendent's  cottage  

Farm  buildings 

Administration  building 

Three  patients*  cottages 


Southern  California  State  Hospital, 
Two  cottages  — - 


Laundry  building  .__ 

Water  supply _ 

Boilers  _ 

Rewiring 

Cottage  for  disturbed  patients 

Pump  and  equipment  for  well 

Nurses*  home  and  industrial  building... 

Four  cottages  

Physician's  residence 

Dining  ball 

Female  cottage  No.  2 

Female  cottage  No.  3 

Dairy  barns _. 

Two  receiving  cottage 

Power  plant  _. 

Reservoir 

Storm  drains 

Chicken  yards  and  equipment 

Cottage   No.    16. 


$14,190  21 

20.000  00 

6^000  00 

0.000  00 

10,000  00 

10.000  00 

6.O0OOO 

lfi,000  00 

58.000  OO 

75.000  00 

49  S9 

29 

1,200  00 

2,714  05 

100  00 

2,500  00 

579  89 

083  55 

775  00 

5.985  00 
846  89 

860  00 
900  00 
500  00 


979  81 
48,648  95 
4,000  00 
10.000  00 
86,700  00 
60,000  00 
185,000  00 

1.751  02 

18  88 

7,rW8« 

8,000  00 

8.000  00 

43,000  00 

8,009  00 

15.000  00 

771  86 

2  16 

244  27 

17  00 

50  90 

185  10 

66  04 

107  70 

208  88 

274  71 

81500  00 

40.000  00 


Expended 

Balance. 
July  Xt,  1918 

$14,190  21 

$096  08 

19J01  SI 

0.000  00 

6.079  05 

9B8S 

9.881  88 

118  sr 

9.409  05 

WIK 

2.75018 

8.218  88 

11017 

14.888  68 

582  75 

57.417  25 

47.915  40 

27^54 

49  90 

29 

1.194  19 

•5  81 

2,590  42 

*m68 

75  47 

•MSI 

2,832  91 

107  09 

50882 

1187 

089  92 

•23  09 

774  52 

•48 

5,985  00 

840  89 

840  94 

•8  06 

900  00 

454  25 

45  73 

048  96 

880  8S 

48»892  06 

15100 

-..—---..-... 

4/100  00 

1.405  17 

8J04  8S 

8o,niooo 

49.747  91 

252  08 

20,848  85 

114.150  15 

957  80 

79810 

582 

851 

7.719  08 

87  81 

1  18 

7.99017 

5.064  72 

2,945  28 

26J1I70  88 

17.428  62 

%m4S 

28  57 

12.099  48 

2,800  82 

771  83 



210 
244  27 

.-•_—.—.•__.••. 

17  00 

'               S090 

18510 

•>•—.••._.•• 

06  04 

•••••.»..•-«.. 

107  10 

•—.•--•-•••••• 

206  89 

2T4  7I 

1^488  70 

IIM 

89,065  75 

f334  2S 

•Returned  to  Contingent  Fund,  Napa  State  Hospital. 


Returned  to  Southern  California  State  H08j)ltal  Contingent  Fund. 
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APPENDIX  A— Continued. 
Expenditure  on  Appropriations  July  1,  1916,  to  June  30,  1918. 


CbipCw 


416, 

1918 

309. 

1915 

m,tgrr 

172,1917 

830, 

1917 

414. 

1918 

127. 

1911 

415^1913 

197, 

1911 

172.1«)7 

1», 

1911 

211. 

1915 

210. 

1915 

SIO, 

1915 

aoo. 

1915 

350. 

1915 

234,1917 

235,1917 

Cent,  est.1331 

Oont.  e8t.#2759 

Name  of  Job 


77«.1917 


449,  1913 
447. 1918 
460,1918 
199,1915 
816.  1915 
816. 1915 
678,  1609 
448,1918 
562.1903 
873,  1915 
818,1915 
811, 1915 
812,  1915 
861. 1917 
278.1917 
278,1917 
279,  1917 
279, 1917 
46>,  1917 


308,1911 
560.  1909 
822,1915 

1915 
r,  1917 

1917 
284,  1917 

1917 


Hospitals — Cont  inued. 
Stockton  State  Hospital. 

Watd  No.  26 

Wiring  _ 

Bemoyal   of   bodies   from   cemetery   and 
dlspoeition  thereof  - 

Tubercular  hospital  

Cottage  for  disturbed  patients 

Elevators  

Plre  system 

Heating  system  

Heating  system 

Reeelying  ward 

Sewing  room  and  dormitory 

Boilers  

Female  building __ 

Cottage  for  males 

Farm  buildings 

Two  physieians'  cottages 

Repairs  to  mechanical  equipment 

Alterations  to  kitchen  and  bakery 

Repairs  to  steam  and  water  supply  sys- 
tems   

Stockton  State  Hospital  Support  Fund... 

Pacific  Colony. 
Padflc  Colony  for  feeble-minded  epileptics 

Prisons. 
FoUom  State  Prison. 

Cells  and  walls 

Farm  buildings — 

Laundry-   building    - 

Cells,  etc 

Power  house  - - 

Repairs  and  improvements 

Additional  houses 

Repairs  . 

Warden's  residence  — _ 

Cells,  etc 

Bake  oven  _ 

Farm  buildings  — 

Refrigerator  _ 

Sewage  disposal  

School  buildings 

Repairs  and  improvements 

Employees'  cottage 

Repairs,  existing  cottage 

Boilers  and  power  plant  equipment 

San  Qucntin  State  Prison. 

Oells   and  walls 

Guards'  cottages  

Repairs  and  improvements 

Water  supply  and  pumping  plant 

Eleetriflcatlon,  rewiring   

Rewiring  

Small  buildings Jill 

Farm  buildings I [ 


BaUuBoe.  7u]y 

1,  1916,  and 

appropriations 

Expended 

Balance. 
July  27.  1918 

$426  22 

$25  82 

$400  00 

670  70 

070  70 

5.000  00 

8167 

4.998  38 

10,000  00 

13  21 

9.PSB79 

45,000  00 

20  75 

44,979  85 

86  09 

m      aiB—      M 

86  09 

422  69 

^^^^^^^^^^ 

422  69 

83  21 

^ ■^  — ^MM 

88  21 

191  94 

187  72 

64  22 

18  84 
245  98 

18  84 

«•*««       «M 

245  98 

1,129  92 

865  38 

244  69 

22,654  50 

22,068  01 

596  40 

22.886  06 

22.829  17 

66  88 

1,826  21 

1.068  99 

757  82 

0,358  86 

6,858  85 

8,000  00 

7,792  90 

207  04 

8,550  00 

8,806  22 

24178 

6,515  00 

5.884  95 

1,280  05 

700  00 

654  fi2 

45  TB 

260,000  00 

250.000  00 
4,479  08 

5,801  97 

822  04 

782  61 

260  41 

482  80 

650  80 

480  78 

170  07 

1,548  44 

1,634  92 

8  52 

9,668  94 

9,889  29 

229  66 

10,122  54 

10,115  51 

706 

1,8(7  75 

1,909  11 

188  64 

288  60 

100  62 

132  07 

288  78 

22  15 

216  08 

10.GO2  32 

16.448  82 

58  50 

6,000  00 

M27  89 

1,572  61 

127  75 

102  82 

24  98 

4,003  86 

3,819  53 

874  82 

11,000  00 

9.755  76 

1,244  24 

10^000  00 

8.025  91 

6,974  09 

25.000  00 

8.718  48 

16.881  52 

10,000  00 

9,147  01 

852  99 

2.500  00 

747  46 

1.762  54 

15,000  00 

6.900  88 

9.009  12 

14,698  12 

11.557  46 

3,180  66 

818  79 

280  47 

88  82 

136  41 

186  41 

4,470  37 

864  54 

4,111  83 

8,600  00 

3,400  83 

99  67 

82,500  00 

22.802  98 

9,697  07 

18.500  00 

8,257  87 

10.242  68 

5,000  00 

.............. 

5,000  00 
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APPENDIX  A*-Contlnu0d. 
Expenditure  on  Appropriations  July  1,  1916,  to  June  30,  191& 


Cluptcr 


393, 1916 
393, 1915 
358,1717 


223, 1915 
354,1917 
354, 1917 


368. 1917 
608. 1913 
532, 1913 
588, 1913 
358, 1917 
263,  1915 
430,1917 

782. 1917 

541. 1918 
541, 1913 


193,  1915 
400a  1917 


759, 1917 
759, 1917 


718,  1915 


Est.  #556 

322, 1917 
821, 1917 

811. 1917 
679, 1915 

480. 1918 
693, 1915 
376, 1917 


Kaaieof  Job 


Balanoe.  July 

1,  1916.  and 

spproprlationa 


MiSCBLLANBOUS. 

Department    of    Engineerlnc    contlngeDt, 

sixty-seventh  year 

!  Department    of    Engineering    contingent, 
sixty-eigbtb  year 

Department    of    Engineering    contingent, 
sixty-ninth  year 


Sixth  District  Agricultural 
Aaaociation. 

Repairs,  Exposition  Building 

Enlarging  furnace  and  repairs,  elevator — 
Remodeling  Exposition  Building 


Jnlr  ST.  1911 


State  Capitol. 

Pafaiting  - - 

Fainting  

Conservatory  

Elevators  

Library  elevator,  emergency  fund 

State  Treasurer's  oflQce  equipment 

Secretary  of  State's  office,  vault  equip 

ment  . 

State  Printing  Office  building ., 

San  Francisco  State  Building 

San  Francisco  State  Building 


Appropriation  .— ,. 

Governor's  residence,  repairs 

Marshall's  monument  [ 


Petroleum  and  Oaa  Fund. 

Office  bundingB  at  Taft 

!  Office  buildings  at  CoAlinga _. 


Oil  Protection  Fund. 
Garage  and  test  hous^,  Taft 


Fieh  and  Game  Preservation  Fund. 

Owens  River  flsb  hatchery _ 

Appropriated  ^ 


Patrol  launch 


Monterey  Theater,  repairs 

Monterey  custom  house,  repairs. 
Fort  Ross,  repairs  to  bulldings.. 
Fort  Ross,  repairs,  Grieek  chapel. 

Mission  Solano,  Sonoma 

Mission  Solano,  Sonoma 

Fort  Sutter,  electric  lighting 


$1,971  OS 
17,600  00 
22,600  00 


2,980  62 

8.125  00 

17,000  00 


6,000  00 
99  00 
45  73 
89  85 

8,000  00 
623  53 

4,000  00 
100.000  00 

$109,887  96 
800,000  00 


$999,887  96 

1  64 

4.000  00 


4,750  00 
4.000  00 

2,600  00 


$27,165  20 
29,500  00 


$56,636  20 
15,910  00 

3,500  00 
6,600  00 
1,500  00 
2,000  00 
962  80 
104  12 
1,000  09 


$1.488  61 
15,806  71 
16,819  50 


2366  86 
1,172  85 
6^108  80 


8,175  67 
0812 

~5  00 

2,500  00 

522  06 

8,15140 


21,479 


882  81 


8,142  57 
8.918  81 


125  06 


50^459  41 


15,887  81 

8;499  62 
4.948  60 

186  60 
1,975  89 

85  75 
200 

999  86 


$IS7S1 
tl06». 
7,180  BO 


•128  77 

1,962  15 

11,89714 


13»43 

88 

45  78 

84  86 

500  00 

148 

818  00 
100^000  00 

978.M810 


164 

8,607  9 


i,6ortt 

8619 


t2;874» 


205  f9 


8218 

48 

S5140 

1,888  80 

24  61 

916  61 

10812 

16 


•Returned  to  Sixth  District  Agricultural  Association  Fund, 
tRetumed  to  Oil  Protection  F^nd. 


REPORT  ON  ffiON   CANYON  PROJECT.  107 


APPENDIX  B. 

(Reprinted  from  Report  on  Iron  Canyon  Project,  U.  S.  Reclamation  Service, 

October,  1914.) 

REPORT  ON  THE  IRON  CANYON  PROJECT  BY  THE  BOARD  OF  REVIEW. 

Secretary  of  the  Interior  Franlclin  K.  Lane  appointed  a  board  to  consider  the 
foregoing  investigation  of  the  Iron  Canyon  project  and  to  report  thereon.  This 
board  included  representatives  of  the  various  federal  and  state  departments  actively 
interested  in  this  project  and  its  dependent  features. 

Brigadier  General  W.  L.  Marshall,  ex-Chief  of  Engineers  U.  S.  Army,  and  con- 
sulting engineer  to  the  Secretary  of  the  Interior,  was  chairman.  Other  members 
were:  State  Ekigineer  W.  F.  McClure,  who  is  ex  officio  engineering  adviser  to  the 
State  Reclamation  Board  and  the  chief  state  administrative  officer  in  matters 
of  water  control  and  irrigation ;  Mr.  I).  C.  Ilenny,  acting  chief  engineer  of  the  U.  S. 
Reclamation  Service,  and  Mr.  II.  T.  Cory,  consulting  engineer  of  San  Francisco,  who 
is  in  this  case  the  special  representative  of  individual  and  corporate  interests  that  will 
be  mainly  affected  by  the  project.      The  board  reported  as  follows : 

Red  Bluff,  Cal.,  November  12,  1914. 

To  the  Secretary  of  the  Inieriory  Waahington,  D.  C. 

Sib:  This  board  was  appointed  by  you  and  received  instructions  through  the 
Director  of  the  Reclamation  Service  as  follows: 

'The  duties  of  the  board  are  to  review  the  report  on  the  Iron  Canyon  Project 
presented  by  Mr.  Hopson  and  his  assistants,  consider  the  various  alternatives, 
and  make  such  recommendations  regarding  them  as  may  appear  proper  to  you, 
expressing  the  opinion  of  the  board  if  possible  regarding  the  preference  to  be 
given  to  any  one  of  the  various  alternatives  and  suggesting  such  further  course 
of  action  as  may  seem  wise. 

"If  none  of  the  alternatives  appear  to  the  board  to  be  desirable,  but  further 
work  should  be  undertaken  along  some  lines  not  now  anticipated,  it  will  be  the 
duty  of  the  board  to  suggest  further  investigation.  This  may  very  properly  be 
done  with  a  view  to  bringing  to  the  attention  of  Secretary  Lane  and  to  the- 
appropriation  committee  of  Congress  an  item  for  further  surveys  and  examina- 
tions in  connection  with  the  work  to  be  authorized  in  1915  and  1916." 

In  accordance  with  these  instruction,  we  have  studied  the  report  on  the  Iron 
Canyon  project  prepared  by  Mr.  E.  0.  Hopscn,  supervising  engineer  of  the  Reclama- 
tion Service,  dated  October,  1914.    This  report  is  very  able  and  comprehensive. 

The  board  convened  at  Red  Bluff,  California,  November  9,  1914,  and  visited  the 
Iron  Canyon  damsite,  viewed  the  proposed  main  canal  locations  and  inspected  the 
lands  to  be  irrigated. 

This  report  makes  possible  the  comparison  of  ten  different  plans  of  development, 
ali  involving  the  irrigation  of  225,000  acres  of  land,  but  differing  in  respect  to  the 
required  storage  and  the  important  incidental  features  of  navigation,  flood  control 
and  power  development. 

The  plans  which  require  storage  are  based  on  building  a  dam  at  Iron  Canyon, 
for  which  three  heights  have  been  considered,  raising  the  low  water  respectively 
112,  125  and  134.5  feet 

Provisions  made  for  the  irrigation  of  225,000  acres  are  the  same  in  each  case, 
consisting  of  supplying  3  acre-feet  of  water  per  acre,  properly  proportioned  through 
out  the  irrigation  season,  which  is  ample.  This  supply  could  have  been  furnished  in 
fall  for  all  of  the  eighteen  years  for  which  records  of  run-off  are  available,  except 
in  case  the  plans  be  made  to  include  the  feature  of  flood  control,  when  two  years  out 
of  eighteen  would  have  been  short,  only  one,  however,  to  a  material  extent. 

In  connection  with  the  construction  of  a  high  dam  at  Iron  Canyon  a  large  amount 
of  power  can  be  economically  developed. 

The  argnments  in  the  Hopson  report  in  favor  of  storing  at  Iron  Canyon  rather 
than  at  points  upstream  are  convincing. 
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All  of  the  plans  proposed  are  feasible.  Even  on  the  basis  of  considerably  higher 
estimates  of  cost,  which  may  result  from  complete  investigation,  the  cost  of  irriga- 
tion is  far  within  the  limits  of  value,  provided  the  item  of  interest  during  con- 
struction and  early  years  of  development  is  not  large  or  is  absent,  as  assumed  in 
the  Hopson  report. 

Unless  further  investigation  should  reveal  entirely  unexpected  conditions,  the 
Iron  Canyon  dam  can  be  built  with  safety,  although  its  construction  may,  under 
adverse  conditions,  involve  a  larger  expense  than  what  may  now  appear  to  be  a 
liberal  estimate. 

The  plan  calling  for  the  least  immediate  outlay  is  the  one  in  which  no  storage  is 
provided  and  which  proposes  to  draw  irrigation  water  direct  from  the  river  flow, 
which  at  all  times  is  ample.  This  plan  in  its  main  features  seems  the  most 
desirable  for  the  following  reasons: 

It  can  be  built  in  the  shortest  time. 

It  is  least  involved  as  regards  other  interests. 

The  acreage  irrigable  from  the  project  can  be  readily  extended  from  225,000  to 
325,000  acres. 

The  rights  to  river  flow  of  other  interests  lower  down  on  the  stream  are  not  in 
any  way  affected  by  project  diversions. 

The  plan  interferes  with  navigation  and  provides  no  element  of  power  develop- 
ment or  flood  control.  It  does,  however,  leave  undisturbed  for  future  utilization  the 
Iron  Canyon  reservoir  site.  To  avoid  uncertainties  as  to  water  rights,  federal  and 
state  legislation  will  be  necessary. 

The  problem  of  development  of  the  Sacramento  Valley  must  be  viewed  from  a 
broad  standpoint.  The  interests  of  irrigation  and  navigation  can  not  fail  to  be 
frequently  antagonistic  and  if  a  policy  were  to  be  adopted  permitting  no  irrigation 
that  interferes  with  navigation,  the  unavoidable  result  would  be  the  heavy  handi- 
capping of  irrigation  enterprises  and  a  very  slow  and  limited  development.  The 
irrigation  of  more  than  half  a  million  acres  in  the  upper  Sacramento  Valley  is  of 
an  economical  and  political  importance  to  the  state  and  to  the  general  government 
enormously  surpassing  any  injury  which  may  result  to  the  interests  of  navigation. 
Irrigation  should  be  unquestionably  made  paramount  throughout  the  arid  and  semi- 
'arid  regions.  Any  injury  to  navigation  from  the  effect  of  such  policy  in  this  case 
may  well  be  made  good  by  Congress  through  the  impi-ovement  of  the  river  channel 
below  Sacramento  in  line  with  important  work  now  being  carried  out 

The  policy  of  using  the  flow  of  the  river  for  irrigation  irrespective  of  navigation  is 
but  applying  in  a  concrete  case  the  consensus  of  opinion  towaitls  which  eminent 
members  of  the  engineering  profession  familiar  with  conditions  on  the  Pacific  coast 
and  men  of  large  vision  and  impartial  opinion  throughout  California  have  been 
centering  for  the  past  twenty  years.  Navigation  interests  along  the  Sacramento 
River  above  the  city  of  Sacramento  are  now  imperfectly  cared  for  and  river  traffic 
is  small  and  desultory.  The  moral  effect  of  navigation  in  affecting  railroad  rates 
has  quite  passed  since  the  coming  into  existence  of  the  California  Kailroad  Commis- 
sion with  its  large  and  far-reaching  powers.  Below  Sacramento  the  injury  may  be 
serious,  but  can  be  made  good  by  channel  deepening  or  by  artificial  works  and  canals. 

Traffic  by  water  from  Suisun  Bay  to  Sacramento  can  be  cared  for  much  better 
by  ship  canal  than  is  possible  by  natural  channels.  Such  canal  would  enable  deep 
water  vessels  to  reach  Sacramento  at  all  times. 

The  most  desirable  proposition  for  the  Iron  Canyon  project  is  similar  to  plan  B-3 
of  the  Hopson  report.  It  consists  of  diverting  the  river  flow  so  far  as  needed  for 
irrigation  at  some  point  near  or  above  the  town  of  Anderson.  It  is  feasible  to  lay 
out  the  works  so  that  they  may  ultimately  irrigate  all  the  lands  on  both  sides  of  the 
Sacramento  River  below  Red  Bluff  which  can  be  economically  served  from  this 
source  without  storage,  possibly  amounting  in  all  to  325,000  acres  or  more.  The 
cost  including  distributaries  would  approximate  $55  per  acre  of  land  exclusive  of 
interest  After  completing  the  diversion  dam  and  one  of  the  nmin  canals  to  Red 
Bluff,  units  could  be  built  and  added  as  may  seem  most  desirable. 
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It  is  essential  that  the  state  pass  an  act  permitting  the  withdrawal  of  the 
necessary  water  for  project  purposes  f<Mr  a  period  of  time  ample  to  permit  full 
investigation,  construction  and  gradual  development.  Contingent  thereon  Congress 
should  enact  a  law  which  will  permit  the  flow  of  the  Sacramento  River  to  be  used 
for  irrigation  purposes.  This  last  is  necessary  to  remove  doubtful  water  right 
features,  not  only  from  this  project  but  from  all  irrigation  enterprises  along  the 
stream. 

All  the  land  under  the  project  is  privately  owned  and  much  of  it  is  held  in  large 
estates  which  should  be  broken  up  for  irrigation  development.  This  can  probably 
be  best  accomplished  through  the  agency  of  one  or  more  irrigation  districts,  taking 
water  from  the  main  canals  to  be  built  by  the  federal  and  state  government  either 
singly  or  in  co-operation. 

With  these  conditions  complied  with,  the  project  is  feasible  and  desirable.  By 
completely  abandoning  all  ideas  of  using  the  water  passing  the  Iron  Canyon  dam- 
site  for  any  purpose  except  irrigation,  the  Iron  Canyon  Project  can  be  enlarged  to  a 
total  of  about  800,000  acres. 

It  is  concluded : 
1   That  the  run-off  of  the  Sacramento  River  at  Red  Bluff  should  be  used  as  far  as 
practicable  for  irrigation  in  the  Sacramento  Valley,  irrespective  of  navigation. 

2.  That  by  means  of  a  canal  system  diverting  water  near  or  above  Anderson,  using 

the  natural  flow  of  the  Sacramento  River,  about  325,000  acres  may  be  irrigated. 

3.  That  by  the  construction  of  an  impounding  reservoir  in  and  above  Iron  Canyon  of 

about  600,000  acre-feet  capacity  and  by  using  excess  flow  of  the  Sacramento 
in  connection  with  the  stored  water  a  supply  can  be  made  available  for  au 
aggregate  area  of  800,000  acres  in  the  Sacramento  Valley. 

4.  That  by  the  use  of  the  water  of  the  Sacramento  River  for  irrigation  and  domestic 

supply  alone  as  paramount  to  all  other  uses,  a  very  large  population  may  be 
supported  and  maintained  in  comfort  on  lands  now  semiarid. 

5.  That   the   Sacramento   River  above   Sacramento   can   not   be  made   an   efficient 

navigable  stream  at  low  stages  by  methods  of  open  river  channel  improvement, 

whether  or  not  water  be  diverted  from  the  river. 
It  is  recommended : 
a.  That  'all  public  and  state  lands  which  may  be  required  for  the  Iron  Canyon 

Project  be  withdrawn  or  continue  withdrawn  from  entry  or  sale. 
5.  That  the  state  legislature  pass  an  act  permitting  the  withdrawal  of  water  for 

the  necessary  time  on  behalf  of  a  maximum  feasible  acreage  to  be  included  in 

the  Iron  Canyon  Project. 

c.  That  Congress  enact  a  law  permitting  diversion  of  water  from  the  Sacramento 

River  for  irrigation  purposes  regardless  of  navigation,  contingent  upon  the 
state  legislating  as  in  recommendation  "6." 

d.  That  upon  the  above  acts  being  passed  the  Secretary  of  the  Interior  co-operate 

with  the  state  of  California  and  with  the  interested  organizations  In  rendering 
available  the  sum  of  $100,000  for  the  more  complete  investigation  and  delimita- 
tion of  the  project  along  the  lines  herein  proposed. 

(Signed)  Wm.  L.  Mabsiiaix, 

Consulting  Engineer  to  the  Sec- 
retary of  the  Interior. 

(Signed)  W.  F.  McClure, 

State  Engineer  of  California. 

(Signed)  D.  C.  Uenny, 

Acting   Chief   Engineer,    U.    S. 
Reclamation  Service. 

(Signed)   U.  T.  CoBY. 

Engineer  for  the  Iron  Canyon 
Project  Association. 
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md  the  California  State  Department  of  Engineering. 


PREFACE. 

In  December,  1916,  a  petition  was  presented  to  the  Board  of  Super- 
visors of  San  Bernardino  County  praying  for  the  formation  of  an 
irrigation  district  in  Victor  Valley,  east  of  the  Mojave  River.  Under 
the  provisions  of  the  law,  the  State  Engineer  was  called  on  to  report 
upon  the  feasibility  of  the  project,  and  he  caused  an  examination  to 
be  made  therefor. 

It  was  found  that  many  conflicting  claims  exist  to  the  water  intended 
to  be  taken  for  the  proposed  district,  by  lands  which  seem  to  have 
an  equally  good  right  to  the  water  to  those  lands  embraced  in  the 
proposed  district. 

The  State  Engineer,  finding  that  in  the  one  month  allowed  by  law  in 
which  to  make  his  investigation  it  would  be  impossible  to  ascertain 
whether  sufficient  water  was  available  to  the  district  for  its  proper 
development,  recommended  that  the  matter  be  held  in  abeyance  until 
the  whole  question  of  the  utilization  of  the  waters  of  Mojave  River 
could  be  analyzed  and  studied,  and  he  suggested  that  a  fund  be  pro- 
vided to  defray  the  cost  of  making  a  thorough  examination. 

The  Board  of  Supervisors  placed  funds  at  the  disposal  of  the  County 
Engineer  to  pay  the  expenses  of  such  an  investigation  to  be  made  jointly 
by  the  San  Bernardino  County  Engineer,  the  Office  of  Public  Roads 
and  Rural  Engineering  of  the  United  States  Department  of  Agriculture, 
and  the  State  Department  of  Engineering. 

This  report  is  the  result  of  the  investigation  and  studies  of  the  subject 
made  under  the  co-operative  direction  of  the  agencies  named. 
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April  30,  1918. 

To  the  Honorable  Board  of  Supervisors,  County  of  San  Bernardino, 
San  Bernarditw,  California. 

OENTLEBiEN :  In  accordance  with  the  instructions  of  your  Honorable 
Board,  we  are  submitting  herewith  a  report,  embodying  the  summary 
of  the  studies  made  by  this  commission. 

Your  instructions  read,  **This  commission  shall  have  power  to  make 
such  engineering  investigations  as  may  be  necessary  to  show  the  water 
available,  the  proper  duty  of  water,  the  sufficiency  of  proposed  reservoir 
and  dam  sites,  and  the  general  feasibility  of  the  required  engineering 
works." 

It  has  not  been  deemed  necessary  or  expedient  to  encumber  the  report 
with  all  the  detail  data  acquired  in  making  the  investigations. 
Respectfully  submitted. 

The  Mojave  River  Commission. 

W.  P.  McClure, 
State  Engineer,  Chairman. 

J.  A.   SOUBWINE, 

Engineer  for  San  Bernardino  County. 
C.  E.  Tait, 

Senior  Irrigation  Engineer,  Office  of 
Public  Roads  and  Rural  Engineer- 
ing, United  States  Department  of 
Agriculture. 
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UTILIZATION   OF  MOJAVE  RIVER  FOR   IRRIGATION   IN 

VICTOR  VALLEY,  CALIFORNIA. 

BT 

MOJAVE  RIVER  COMMISSION. 

VT.  P.  McClurb,  State  Engineer,  Chalrmnn  ;  J.  A.  SounwiNB,  TSnf^neer  for  San  Bernar- 
dino County ;  and  C.  E.  Tait,  Senior  Irrigation  Engineer,  Office  of  Public  Roads 
and  Rural  Engineering,  United  States  Department  of  Agriculture. 

INTRODUCTION. 

The  investigations  for  this  report  related  to  the  following  subjects: 
The  economic  problems  confronting  the  land  entrymen  and  settlers ;  the 
history ;  eonstmcted  works  and  future  plans  of  the  corporate  enterprises ; 
the  water  rights  for  which  allowance  must  be  made;  the  amount  and 
movement  of  the  underground  water;  the  extent  to  which  pumping  from 
wells  can  be  depended  upon  for  irrigation;  the  amount  of  the  annual 
surface  water  supply ;  the  possible  sites  for  storage ;  the  possibilities  of 
hydroelectric  power  development;  the  proper  duty  of  water;  the  area 
for  which  reclamation  can  be  safely  undertaken ;  and  the  most  eflScient 
and  economical  plan  of  irrigation  works. 

The  investigations  of  riparian  lands  are  not  as  complete  as  it  was 
desired  to  make  them,  but,  considering  the  time  and  funds  available,  it 
was  necessary  to  limit  the  studies  in  this  direction. 

Data  were  secured  on  all  the  wells  in  the  region  and  the  elevations  of 
the  ground  surface  and  water  surface  for  many  of  the  wells  were 
obtained  by  leveling  from  the  government  bench  marks.  This  enabled 
hydrographic  contours  to  be  located  and  permitted  the  formulating  of 
conclusions  regarding  the  movement  of  underground  water. 

All  records  of  stream  discharge  and  of  precipitation  in  the  watershed 
were  reviewed  and  correlated  in  arriving  at  the  amount  of  water  avail- 
able for  use. 

Data  on  duty  of  water  for  the  crops  suited  to  the  region  were  secured 
throughout  Victor  Valley,  also  from  other  sections  of  southern  California 
with  similar  conditions. 

Complete  contour  sur\'eys  were  made  of  two  possible  reservoir  sites 
which,  together  with  private  surveys  of  other  sites,  give  data  on  all  the 
available  sites  for  storage. 

It  has  not  been  practical  to  present  a  detailed  review  of  the  plans 
previously  proposed  for  the  utilization  of  the  waters  of  Mojave  River. 

The  map  has  been  prepared  from  official  and  authentic  private  sources 
and  from  original  surveys  by  the  commission. 
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'  DESCRIPTION. 

Mojave  River  is  situated  in  San  Bernardino  County,  California,  and 
constitutes  the  chief  drainage  system  of  the  northern  slopes  of  the 
San  Bernardino  Mountains.  The  mountain  headwaters  comprise  two 
distinct  branches,  East  Pork,  or  Deep  Creek,  and  West  Pork,  which 
unite  at  the  base  of  the  mountains  to  form  the  main  river.  This  junc- 
tion is  known  as  the  Porks.  (Plate  II,  Pig.  2.)  Below  it  the  river,  in 
its  course  90  miles  across  the  desert  plain,  receives  not  a  surface  tribu- 
tary of  consequence.  The  course  of  the  river  is  first  northward  30  miles, 
then  northeastward  20  miles,  and  finally  eastward  40  miles.  The  river 
sinks  at  Soda  Lake  at  an  elevation  between  900  and  1,000  feet  above 
sea  level.  The  mountain  watershed  of  the  river,  217  square  miles  in 
area,  extends  from  an  elevation  of  8,000  feet  at  the  summit  of  the  range 
to  3,000  feet  at  the  Porks.  The  upper  portion  has  heavy  precipitation 
and  the  main  tributaries  are  never  dry.  In  summer  the  water  sinks  in 
the  river  a  short  distance  below  the  Porks  but  appears  again  several 
miles  below,  reaching  the  Upper  Narrows  (Plate  V,  Pig.  1)  at  Victor- 
ville,  14  miles  below  the  Porks.  The  surface  flow  continues  through 
the  Lower  Narrows  (Plate  V,  Pig.  2)  4  miles  farther  down  stream  and 
again  sinks  several  miles  below  Oro  Qrande.  The  water  is  then  brought 
to  the  surface  for  short  distances  at  a  number  of  other  points,  these 
points  being  farther  apart  and  the  flow  of  diminishing  quantity  toward 
the  lower  end  of  the  stream.  At  places  in  the  dry  channel  water  may 
be  had  by  digging  to  shallow  depths.  The  water  is  generally  seen  at 
Helen  10  miles  below  Oro  Grande  and  again  at  Hicks.  The  valley  is 
confined  between  bluffs  from  the  mountain  to  this  point,  but  between 
Ilicks  and  Barstow  it  widens  on  the  northwest  side.  The  channel  is 
again  between  bluffs  from  Barstow  to  Daggett  and  the  water  is  at  the 
surface  at  Barstow  and  at  Nebo,  4  miles  above  Daggett.  Below  Daggett 
the  river  crosses  a  broad  plain.  The  stream  is  twice  more  between 
bluffs,  at  Camp  Cady  and  at  the  Caves,  and  at  both  places  the  water  is 
at  the  surface.  The  Caves  are  remarkable  for  the  columnar  appearance 
and  the  variegated  coloring  which  nature  has  given  the  clay  bluffs  of 
the  canyon  walls.    Below  the  Caves  the  channel  is  dry  in  summer. 

The  late  winter  flood  water  resulting  from  the  melting  of  the  snow 
always  reaches  to  Barstow  and  generally  to  Camp  Cady  as  an  unbroken 
stream.  Some  years  it  reaches  entirely  to  the  broad  basins  of  Soda  and 
Silver  lakes,  which  it  fills  to  a  shallow  depth  and  in  which  the  water 
gradually  disappears  by  sinking  and  evaporating.  The  flood  water 
generally  flows  to  Barstow  from  December  to  April  or  May. 

This  report  is  concerned  chiefly  with  the  upper  part  of  the  river, 
including  the  mountain  watershed  and  the  adjacent  mesas  known  as 
Victor  Valley,  and  with  the  ditches  having  rights  to  water.    The  east 
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mesa  is  known  as  Apple  Valley  and  the  lower  portion  of  this  mesa 
bordering  the  river  bottom  is  called  the  First  Bench.  The  upper  por- 
tion of  the  west  mesa  (Plate  VI,  Fig.  1)  above  Hesperia  and  stretching 
westward  along  the  foothills  beyond  Cajon  Pass  is  known  as  Baldy 
Mesa,  the  name  being  derived  from  Mount  San  Antonio,  generally  called 
Baldy.  The  lower  and  northern  portion  of  the  west  mesa  about  the 
settlement  of  Adelanto  is  called  Sunrise  Valley  and  the  section  around 
the  dry  lake  bed  at  Grey  Mountain  (Plate  VI,  Fig.  2)  is  called  Mirage 
Valley. 

EARLY  HISTORY. 

Although  the  history  of  the  Mojave  River  country  after  the  beginning 
of  irrigation  is  more  essential  to  this  report,  a  few  facts  relating  to  the 
early  period  may  be  of  interest  and  not  out  of  place. 

Until  about  the  time  of  the  Civil  War  the  territory  along  the  river 
was  dominated  by  the  Piute  Indians  and  it  was  not  a  place  of  safe 
habitation. 

Aside  from  the  native  Indians,  probably  among  the  first  to  explore 
this  part  of  the  desert  were  Jedediah  Smith  and  his  party  of  trappers 
from  Salt  Lake  City,  who  in  1827  crossed  Colorado  River  at  the  Mojave 
Indian  villages  (now  Fort  Mojave)  and  traveled  westward  to  the  course 
of  a  river,  undoubtedly  the  Mojave,  which  was  thereafter  followed 
toward  a  pass,  the  Cajon,  in  the  Coast  Range  en  route  to  Los  Angeles.^ 
The  trip  was  repeated  the  following  year,  but  while  crossing  the  Colo- 
rado River  on  a  raft  this  party  was  attacked  in  midstream  by  the 
Indians,  who  had  been  friendly  on  the  first  trip  but  who  had  then  been 
excited  to  hostility  by  the  Spanish,  and  eight  of  the  twelve  members 
were  killed.  The  survivors,  as  had  the  party  of  the  previous  year, 
crossed  the  desert  and  arrived  in  Los  Angeles  after  much  hardship. 

Again,  in  1829,  Ewing  Young,  at  the  head  of  another  party  of  trap- 
pers, a  youthful  member  of  which  was  later  to  be  General  Kit  Carson, 
made  a  similar  journey.*  A  member  of  this  party  has  described  the 
stream  as  a  dry  river  rising  in  the  Coast  Range  and  leading  northeast 
into  the  Great  Basin,  which  was  followed  several  days  before  water  was 
found;  also  as  a  singular  stream  running  southeast  200  miles  and 
emptying  into  Colorado  River,  not  two  miles  of  its  entire  length  in 
which  it  does  not  disappear,  and  in  part  resembling  a  line  of  shallow 
lakes.  In  four  days  after  leaving  the  river  the  party  arrived  at  San 
Gabriel  Mission,  where  they  were  much  refreshed.  The  river  could 
have  been  none  other  than  the  Mojave,  and  the  pass  was  undoubtedly 
the  Cajon. 


'History  of  the  American  Fur  Trade  of  the  Far  Weat,  by  Capt.  H.  M.  Chittenden. 
•Kit  Caraon  Days,  by  B.  L.  Sabln. 
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Evidently  these  early  travelers  were  unaware  of  the  sinking  of  the 
river  at  Soda  Lake,  100  miles  westward  from  Colorado  River,  and 
believed  its  course  could  be  traced  to  a  junction  with  the  larger  stream. 
Whether  the  emigrants  who  later,  but  prior  to  the  fifties,  traveled  the 
Spanish  or  extension  of  the  Santa  Pe  trail  from  Colorado  River  to 
Cajon  Pass  discovered  this  error  is  not  known.  Certain  it  is  that  the 
early  official  maps  show  a  junction  with  the  Colorado,  and  that  the  Army 
engineers  believed  them  to  be  correct  until  1853,  when  reconnaissance 
surveys  were  made  by  the  War  Department  for  a  railroad  from  the 
Mississippi  River  to  the  Pacific  Ocean. 

That  part  of  the  survey  in  California  was  in  charge  of  Lieutenant 
R.  S.  Williamson,  who  had  with  him  William  P.  Blake,  geologist,  and 
25  soldiers  in  command  of  Lieutenant  George  Stoneman  as  a  military 
escort  to  guard  against  attack  by  the  Piute  and  Mojave  Indians. 
Lieutenant  Williamson,  after  deciding  on  Tehachapi  Pass  as  the  most 
practical  entry  from  the  Tulare  to  the  Great  Basin,  set  about  to  locate 
the  best  route  from  there  to  the  mouth  of  the  Gila  River,  where  his 
survey  was,  according  to  instructions,  to  join  that  of  another  party 
working  from  the  east.^ 

It  was  reasoned  that  to  cross  the  Sierra  Madres  to  Los  Angeles  by  the 
Soledad  and  Newhall  passes  would  but  necessitate  another  crossing  of 
the  Coast  Range  to  reach  the  Gila.  Not  only  was  Warners  Pass  believed 
to  be  the  only  gateway  from  the  southern  California  coast  to  the  Colorado 
Desert,  but  it  was  also  believed  that  by  running  eastward  from  the 
Tehachapi  to  Mojave  River  and  then  following  that  stream  to  its  sup- 
posed junction  with  the  Colorado  and  finally  along  the  Colorado  to  the 
mouth  of  the  Gila,  that  excellent  grades  would  be  offered.  An  alternate 
or  second  possible  route  in  order  of  preference  was  to  go  up  instead  of 
down  the  Mojave  River  in  the  hope  of  finding  a  pass  through  the  San 
Bernardino  Mountains  at  the  headwaters  of  the  river  which  would  lead 
to  Colorado  Desert  with  but  a  single  crossing  of  the  range.  A  route 
southward  through  Cajon  Pass  was  not  considered  because  it  would, 
like  a  route  through  Los  Angeles,  require  a  second  crossing  at  Warners 
Pass,  understood  to  be  impractical  for  a  railroad. 

The  surveying  party  traveled  along  the  north  side  of  the  Sierra 
Madres  and  arrived  where  the  Spanish  Trail  from  Cajon  Pass  reached 
Mojave  River  (probably  below  the  Lower  Narrows),  October  19,  1853. 
Here  the  river  is  described  as  a  broad  shallow  stream  with  vallc}'  abund- 
antly wooded  between  terraced  banks  from  one  to  three  miles  apart. 
The  water  soon  sank  to  reappear  at  some  point  of  rocks  below.  A 
detachment  was  sent  up  the  river,  who  soon  returned  with  the  informa- 

'Explorations  and  Surveys  for  a  Railroad  Route  from  the  Mississippi  River  to  the 
PiacUlc  Ocean,  VoL  V.    War  Department. 
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tion  that  it  would  be  impossible  to  reach  the  Gila  by  the  ascent  of  the 
Mojave. 

Being  now  more  confident  of  the  preference  for  the  river  route, 
Lieutenant  Williamaon  started  down  the  river,  and  as  he  progressed 
found  it  more  difficult  to  procure  sufficient  water  for  his  mules  at  some 
of  the  camps,  it  being  necessary  to  dig  in  the  sands  of  moist  places  in 
the  channel. 

Finally,  a  canyon  between  clay  bluffs  100  feet  high,  with  a  running 
stream  for  seven  miles,  evidently  the  Caves,  was  reached.  Below  this 
canyon  was  a  sandy  plain  on  which  the  channel  was  entirely  lost,  but 
a  lake  bed  (Soda  Lake)  was  observed  to  the  north,  which  on  examina- 
tion was  found  to  be  15  miles  long  and  covered  with  an  incrustation  of 
salt  and  moist  in  places.  Camp  was  located  at  springs  (Soda  Lake 
Spring),  at  the  base  of  mountains  near  the  lake  bed,  for  headquarters 
for  further  exploration.  The  first  lake  bed  was  found  to  be  connected 
to  another  (Silver  Lake)  two  or  three  miles  to  the  north  of  it  by  a  ditch 
about  20  feet  wide  and  2  feet  deep.  This  second  basin,  reached  Novem- 
ber 16,  1853,  had  a  smooth  floor  of  hard  dry  clay,  and  it,  like  the  first, 
was  found  to  have  no  outlet.  Thereupon  it  was  concluded  that  the  river 
sank  in  the  first  basin  and  that  the  accumulating  flood  water  when  high 
overflowed  into  the  second  basin. 

Having  determined  the  maps  showing  a  channel  for  100  miles  farther 
east  to  the  Colorado  River  to  be  erroneous.  Lieutenant  Williamson  aban- 
doned the  idea  of  a  railroad  over  this  route  and  retraced  his  steps  to 
Soledad  Pass,  through  which  they  went  to  Los  Angeles  and  on  to  San 
Bernardino,  and  from  which  latter  settlement  he  expected  to  go  to 
Warners  Pass  by  way  of  Temecula.  But  at  San  Bernardino  he  was 
informed  of  the  existence  of  San  Gk)i^onio  Pass  and  as  a  second  surprise 
found  excellent  grades  for  a  railroad  through  this  pass  situated  between 
the  two  highest  peaks  in  southern  California,  Mount  San  Qorgonio  and 
Mount  San  Jacinto.  It  is  of  interest  to  note  that  the  Southern  Pacific 
from  Tehachapi  to  Yuma  was  constructed  practically  on  the  route  finally 
recommended  by  Williamson,  also  that  portions  of  the  Santa  Fe  and 
Salt  Lake  follow  in  part  the  general  route  he  first  attempted  to  survey. 

Emigrants,  including  gold  seekers  in  '49,  came  to  southern  California 
through  the  thirties  and  forties  from  New  Mexico  and  the  East^  over 
the  Spanish  Trail,  striking  Mojave  River  at  Soda  Lake  Spring  and 
following  it  to  the  Lower  Narrows,  thence  diverging  toward  Cajon 
Pass.  After  the  Mormons  blazed  the  Salt  Lake  Trail  and  settled  the 
new  San  Bernardino  in  1851,  their  wagon  trains  increased  the  traffic. 
The  freighters  carried  supplies  from  Los  Angeles  and  San  Bernardino 
to  the  mines  both  northward  and  eastward.    The  northward  route 


'Century  Annals  of  San  Bernardino  County,  by  L.  A.  In^ersol. 
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branched  oflE  from  the  older  traU  at  the  ** Porks  of  the  Road"  near 
where  Daggett  has  been  located.  A  toll  road  was  instituted  in  1862 
and  during  the  sixties  regular  stage  service  was  in  operation  along  the 
river. 

By  the  late  sixties  stockmen,  who  at  first  only  ranged  their  cattle  in 
the  region,  risked  danger  of  depredations  by  the  Indians  and  began  to 
live  along  the  river.  The  first  settlements  were  the  stations  on  the  trail, 
located  where  the  lands  were  moist  or  where  the  flow  of  the  river  was 
sufficient  for  the  growing  of  hay  to  feed  cattle  and  supply  the  freighters. 
Settlements  were  made  near  the  Lower  Narrows  and  at  other  points 
down  the  river.  Although  not  immediately  on  the  trail,  other  choice 
locations  settled  early  were  just  above  the  Upper  Narrows  where  the 
Brown  Ranch  was  started  and  in  the  valley  of  the  West  Fork,  called 
Dunlap  Valley. 

The  report  of  Lieutenant  Eric  Bergland,  on  his  expedition  in  1875,* 
records  conditions  on  the  river  at  the  time.  He  had  been  instructed  to 
examine  the  feasibility  of  diverting  the  Colorado  River  of  the  West 
from  its  channel  for  purposes  of  irrigation. 

Starting  with  his  party  from  Los  Angeles,  he  made  his  outward 
journey  to  the  Colorado  along  Mojave  River,  arriving  at  Lane's  Upper 
Crossing,  the  highest  station  on  the  stream  and  located  just  below  the 
Lower  Narrows,  June  29, 1875.  Here  the  river  was  found  to  be  100  feet 
wide  and  3  feet  deep.  Bergland 's  map  shows  the  successive  stations 
going  down  the  river  to  have  been :  Point  of  Rocks,  now  Helen ;  Cotton- 
wood, now  Hicks ;  Grapevine,  now  Barstow ;  Forks  of  the  Road,  located 
eight  miles  below  the  site  of  Daggett ;  Camp  Cady,  then  an  abandoned 
military  post;  the  Caves,  and  Soda  Lake  Spring.  The  eastward  trail 
continued  by  way  of  Marl  Spring  and  Piute  Hill  to  Port  Mojave.  The 
Mormon  trail  branched  northward  from  the  Porks  of  the  Road.  At 
a  later  time  the  stages,  instead  of  following  the  bend  of  the  river  past 
Grapevine,  traveled  a  more  direct  route  from  Cottonwood  to  the  **Pish 
Ponds,''  located  on  the  river  between  Grapevine  and  Porks  of  the  Road. 
Another  shorter  but  less  traveled  route  was  from  Huntingtons,  between 
the  Upper  and  Lower  narrows  by  way  of  Stoddard 's  Well,  to  Porks  of 
the  Road. 

Bergland  found  Soda  Lake  nearly  dry  and  to  give  mirages  of  perfect 
illusion.  He  states  that  the  drainage  from  these  saline  flats  is  supposed 
to  connect  with  Death  Valley  to  the  north,  but  that  this  had  not  been 
proven.  It  may  now  be  stated  that  this  is  as  much  in  error  as  the  once 
supposed  junction  with  Colorado  River.  Although  some  ditches  were 
in  use  on  the  upper  part  of  the  river  at  the  time,  he  makes  no  mention 


'Ofiotfraphlcml  Surveys  West  of  the  One  Hundredth  Meridian,  War  Deftartment 
Documents,  1876-77. 
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of  irrigation ;  however,  he  notes  having  observed  vegetation  at  Point  of 
Bocks,  Cottonwood  and  Camp  Cady.  Some  of  the  moist  lands  at  the 
stations  produced  hay  without  irrigation. 

A  few  small  ditches  are  believed  tq  have  been  used  prior  to  1870  and 
more  permanent  conduits  were  constructed  from  1873  to  1880.  Some 
of  the  early  settlers  had  no  title  other  than  possession  to  the  lands 
which  they  occupied  and  they  herded  cattle  for  miles  away  from  the 
river  wherever  feed  could  be  found.  Aside  from  pre-empted  land  in 
the  river  bottom,  one  of  the  first  titles  was  that  granted  to  Max  Stroebel» 
who,  in  1870,  acting  for  an  organization  known  as  the  Thirty-fifth 
Parallel  Association,  purchased  from  the  government,  under  a  statute 
then  in  force,  about  30,000  acres  on  the  upper  part  of  the  river.  It  is 
understood  that  it  was  the  intention  to  establish  a  German  colony  on  the 
land,  but  no  such  plan  was  carried  out,  and  the  land,  although  later 
transferred,  still  remains  in  a  single  corporate  ownership. 

ENTERPRISES. 
Appleton  Land,  Water  and  Power  Company. 

The  Appleton  Land,  Water  and  Power  Company  is  the  successor  of 
the  Hesperia  Land  and  Water  Company.  The  older  company  was  organ- 
ized in  1886  with  an  authorized  capital  stock  of  $300,000,  for  the 
purpose  of  supplying  water  to  and  selling  the  Stroebel  lands  which  were 
acquired  at  the  time  of  organization.  The  lands  had  originally  been 
purchased  from  the  government  about  1870  when  the  public  lands  were, 
under  certain  conditions,  sold  in  unlimited  quantities  at  $1.25  per  acre. 
The  Stroebel  holdings  consisted  of  about  30,000  acres  situated  in  the 
Mojave  River  bottom  and  on  the  west  mesa,  and  comprised  township  4 
north  and  most  of  the  even-numbered  section  of  township  5  north, 
range  4  w^est.  About  20,000  acres  of  the  lands  had  been  acquired  under 
a  single  patent. 

Soon  about  2,000  acres,  including  the  dam  site  at  the  Upper  Narrows 
(Plate  V,  Fig.  1),  were  sold  and  the  towns  of  Victorville  and  Hesperia 
were  started.  A  tract  of  160  acres  at  the  forks  of  Mojave  River, 
together  with  the  w^ater  right  appurtenant  to  it,  also  the  claim  to  the 
surplus  waters  of  the  West  Fork,  were  purchased.  A  conduit  was 
constructed  to  divert  water  from  Deep  Creek  at  a  point  above  the  forks 
and  convey  it  across  the  main  Mojave  River  for  the  irrigation  of  lands 
in  the  vicinity  of  Hesperia  on  the  west  mesa.  From  the  intake  to  the 
Mojave  River  the  conduit  consisted  of  four  miles  of  concrete  lined  ditch 
(Plate  II,  Fig.  2).  The  water  was  then  carried  under  the  river  by 
inverted  siphon  which,  together  with  the  extension  to  Hesperia,  con- 
sited  of  five  miles  of  14-inch  steel  riveted  pipe.  The  pipe  terminated 
in  an  earthen  reservoir  of  58  acre-feet  capacity.     Some  apple  orchards 
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were  planted  and  tliese,  together  with  other  crops,  made  a  total  of  about 
1,000  acres  which  were  irrigated  from  the  system  at  one  time.  The 
project  had  been  launched  toward  the  end  of  a  period  of  unusual  activity 
in  the  exploitation  of  lands  throughout  southern  California,  and  as  a 
reaction  there  followed  a  period  of  general  depression  among  private 
corporate  colonization  enterprises  accompanied  by  the  complete  failure 
of  numerous  state  irrigation  districts.  During  this  era  of  litigation  with 
its  disastrous  effect  on  irrigation  securities,  the  Hesperia  company  made 
no  further  progress  and  was  unable  to  finance  the  development  of  more 
water  for  the  reclamation  of  additional  land.  What  was  most  needed 
to  make  the  system  efficient  for  the  lands  sold  and  adequate  for  a  larger 
area  was  storage  of  winter  flood  water  for  use  in  the  late  summer  when 
the  flow  of  Deep  Creek  was  at  the  lowest  stage.  The  area  irrigated 
became  smaller,  and  Hesperia,  which  had  given  promise  of  becoming  a 
prosperous  settlement,  declined.  The  water  system  was  operated  at 
a  loss.  The  steel  siphon  under  Mojave  River  was  washed  out  by  flood 
several  times,  but  was  each  time  replaced,  although  for  two  years  prior 
to  the  reorganization  in  1911  no  water  was  delivered  at  Hesperia.  The 
cost  of  the  irrigation  works  was  estimated  at  $100,000  in  1910. 

In  1911  the  system  was  transferred  to  a  new  corporation,  the  Appleton 
Land,  Water  and  Power  Company,  with  an  authorized  capital  of 
$300,000,  of  which  $250,250  is  issued.  At  the  time  of  appraisal  by  the 
California  Railroad  Commission  the  company  stated  its  asseta  to  be 
$575,000,  and  liabilities  $448,273.  Improvements  were  begun,  including 
the  relining  of  the  intake  ditch,  the  construction  of  four  miles  of  30-inch 
steel  riveted  pipe,  including  the  inverted  siphon  under  Mojave  River 
which  was  placed  in  a  new  location.  Two  miles  of  the  old  14-inch  pipe 
connecting  the  main  line  with  Hesperia  remain  in  place.  The  diversion 
works  consi.st  of  a  low  concrete  dam  20  feet  long  across  Deep  Creek  and 
headgates.    The  capacity  of  the  main  conduit  is  probably  40  second-feet. 

The  Hesperia  Water  Company  was  organized  in  1915  with  a  capital 
stock  of  $40,000,  of  which  $10,500  is  issued,  to  distribute  and  serve  water 
to  the  town  of  Hesperia  and  to  the  users  for  irrigation  under  the  system. 
The  Victon-ille  water  system  is  still  o\ATied  by  the  Appleton  company. 
The  Hesperia  Water  Company  obtains  the  water  from  the  Appleton 
company  under  lease  and  is  classed  as  a  public  utility,  and  as  such  is 
regulated  by  the  California  State  Railroad  Commission.  The  water 
rate  approved  by  the  coniission  is  1.5  cents  per  hour-inch.  The  handling 
of  the  water  sales  under  this  subsidiary  organization  divorces  the  public 
service  from  the  land  colonization  enterprise.  In  1916  only  90  acres 
of  apple  orchard  and  220  of  alfalfa  and  corn  were  irrigated. 

Of  the  Appleton  Land,  Water  and  Power  Company's  lands  20,000 
acres  are  in  one  tract,  18,000  acres  of  which  are  ccmniuuded  by  the  main 
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pipe  line.    Laterals  would  have  to  be  extended  to  irrigate  this  area. 
The  lands  are  not  now  being  offered  for  sale. 

The  land  in  the  Lower  Narrows  of  Mojave  Eiver  (Plate  V,  Pig.  2), 
between  Vietorville  and  Oro  Grande,  which  has  possibilities  as  a  dam 
site,  was  at  one  time  acquired  hj  the  predecessor  of  this  company,  but  it 
was  sold  and  no  storage  at  the  Lower  Narrows  has  been  seriously 
contemplated  by  these  companies  or  others. 

The  company  claims  riparian  rights  to  about  20,000  acres  acquired 
from  the  government  under  one  patent,  also  appropriation  rights,  one 
relating  back  to  the  filing  for  the  ditch  purchased,  another  to  the  filing 
for  the  Deep  Creek  diversion  and  conduit  to  Hesperia,  another  on  the 
surplus  water  of  the  West  Pork  and  the  control  of  other  filings  made 
in  1911. 

Arrowhead  Reservoir  and  Power  Company. 

The  predecessor  of  the  present  Arrowhead  Eeservoir  and  Power 
Company  was  the  Arrowhead  Reservoir  Company,  organized  in  1891, 
the  principal  stockholders  being  Cincinnati  capitalists.  The  original 
plan  was  a  colossal  undertaking.  It  was  proposed  to  construct  a  main 
reservoir  in  Little  Bear  Valley  which  would  impound  the  natural  drain- 
age of  Little  Bear  Creek,  a  tributary  of  Deep  Creek.  An  inlet  tunnel, 
now  partly  constructed,  was  to  be  made  from  the  reservoir  eastward  to 
Deep  Creek  and  extended  from  this  stream  to  Crab  and  Holeomb  creeks 
to  collect  all  drainage  above  the  tunnel  and  carry  it  into  the  reservoir. 
Diversion  dams  and  regulating  reservoirs  were  to  be  located  at  Deep, 
Crab  and  Holeomb  creeks  and  the  flow  of  the  smaller  streams  was  to 
enter  the  tunnel  through  shafts.  All  of  these  works  would  be  in  tlie 
Deep  Creek  watershed.  Another  reservoir  was  to  be  constructed  in 
Grass  Valley,  westward  of  the  main  reservoir  and  on  a  tributary  of  the 
West  Pork  of  the  Mojave  River,  and  this  supplemental  basin  was  to 
be  connected  with  the  main  basin  by  a  tunnel.  Two  other  reservoirs 
were  to  be  located  in  mountain  flats,  the  sites  for  which  were  later 
abandoned.  Water  was  to  be  taken  from  the  main  reservoir  by  an 
outlet  tunnel  through  the  San  Bernardino  Range  and  delivered  for  the 
irrigation  of  lands  south  of  the  mountains.  The  company  had  no  lamls 
for  sale  and  made  no  contracts  for  the  delivery  of  water. 

A  masonry  dam,  to  form  the  main  reservoir,  was  begun  on  Little  Bear 
Creek,  but  by  the  time  the  foundation  was  constructed  it  was  found  that 
suitable  rock  in  sufficient  quantity  to  construct  a  masonry  dam  was  not 
to  be  had  near  the  site.  This  caused  a  suspension  of  construction  which 
was  prolonged  for  a  number  of  years.  Data  on  the  amount  of  water 
for  storage  had  been  meagre  and  the  supply  had  been  overestimated. 
In  1892  a  series  of  precipitation  and  run-off  measurements  was  begun 
throughout  the  watershed  which  was  continued  for  13  years  before 
construction  was  resumed. 
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Until  1895  the  development  of  power  had  not  been  considered  in 
connection  with  the  project.  About  that  time,  when  it  became  known 
that  long  transmission  of  electrical  power  was  practicable,  it  was 
planned  to  utilize  the  energy  of  the  water  in  its  descent  on  the  southern 
slope  of  the  mountains. 

In  1905  the  property  was  transferred  to  a  new  corporation,  tlie 
Arrowhead  Reservoir  and  Power  Company,  capitalized  at  i!?6,50(),000 
with  nonassessable  stock  of  which  $500,000  was  5  per  cent  preferred 
and  the  remainder  common  stock.  Shares  representing  about  $000,000 
par  value  were  issued  and  placed  in  the  hands  of  a  trustee,  no  payments 
having  been  made  on  these  shares.  Some  of  the  stockholders  have  taken 
notes  of  the  company  for  other  obligations,  but  the  company  has  no 
indebtedness  outside  of  the  stockholders. 

The  type  of  dam  for  the  Arrowhead  site  was  changed  to  a  semi- 
hydraulic  fill  with  concrete  core.  The  plan  of  outlet  works  was  also 
modified.  The  Burcham  ranch,  now  called  Rancho  Las  Flores,  contain- 
ing 5,240  acres  and  including  the  Forks  reservoir  site  (Plate  IV,  Pig.  2) 
on  the  West  Fork  of  Mojave  River  near  the  Forks,  also  two  dam  sites 
farther  upstream  on  the  West  Fork  and  known  as  the  West  Fork  sites 
numbers  2  and  3  (Plate  III,  Fig.  2,  and  Plate  IV,  Fig.  1),  were 
acquired.  It  was  proposed  to  convey  the  water  in  Little  Bear  ValJey 
leservoir  to  the  Forks  reservoir,  using  the  intervening  drop  for  power 
development.  The  water  would  be  combined  in  the  forks  reservoir  with 
that  received  from  the  natural  drainage  of  the  West  Fork.  This  lower 
reservoir  was  then  to  be  drained  by  a  tunnel  through  the  mountain  range 
to  the  south  side,  where  another  power  drop  would  be  located  and  below 
which  the  water  would,  as  under  the  former  plan,  be  delivered  for 
irrigation  in  San  Bernardino  Valley. 

About  1909  some  of  the  owners  of  riparian  lands  on  Mojave  River, 
including  the  Hesperia  Land  and  Water  Company,  filed  suits  to  prevent 
the  company  diverting  water  from  the  watershed,  but  the  cases  have  not 
been  brought  to  trial.  In  1912  application  was  made  to  the  California 
Railroad  Commission  for  permission  to  issue  $4,000,000  in  bonds  when 
riparian  land  owners  again  opposed  the  plans  of  the  company  by  pro- 
testing against  the  granting  of  the  application.  The  application  was 
denied,  without  prejudice,  for  the  stated  reason  that  the  company's  title 
to  water  was  uncertain  until  the  cases  were  decided  by  the  courts. 
The  record  of  the  hearings  conducted  by  the  commission  on  the  applica- 
tion shows  the  following: 

Valuation  put  on  property  at  time  of  reorganization |1,191,000 

Spent  by  new  company  since  reorganization 923,204 

Principal  owed  by  new  company 793,796 

Interest  owed  by  new  company 126,589 

Total  - _ $3,034,589 

»— 42237 


20  IRRIGATION   INVESTIGATIONS  IN   CALIFORNIA. 

About  this  time  the  company,  or  a  trustee  of  some  of  the  stockholders, 
began  to  purchase  riparian  lands  on  Mojave  River  mainly  for  the  pur- 
[)0se  of  quieting  opposition  from  adverse  water  right  claimants,  and 
1,000  acres  just  below  the  Forks  and  3,200  acres,  together  witli  most  of 
older  and  more  useful  ditclies  between  Victorville  and  Barstow,  were 
acquired.  This  property  included  the  Westwater  lands  below  Yictor- 
ville. 

It  had  been  the  intention  to  purchase  more  riparian  lands,  but  owing 
to  the  decision  of  the  State  Supreme  Court  about  this  time  to  the  effect 
that  flood  waters  of  a  stream  could  not  legally  be  diverted  from  the 
natural  drainage  basin,^  a  radical  change  in  plan  was  adopted  which 
made  this  no  longer  necessary.  It  was  now  decided  to  use  the  water  for 
the  development  of  power  and  irrigation  on  the  north  side  instead  of  the 
south  side  of  the  mountains.  In  1914  an  offer,  which  was  not  accepted, 
was  made  to  the  city  of  San  Diego  to  sell  the  water  from  the  system,  the 
diversion  from  the  watershed  for  domestic  use  not  being  illegal. 

In  addition  to  agricultural  lands  below  the  Forks,  the  company  holds 
about  12,000  acres  in  the  mountains,  mainly  in  the  Little  Bear  Vallev, 
Grass  Valley  and  Forks  reservoir  basins.  The  company  claims  riparian 
rights  appertaining  to  the  extensive  lands  above  and  below  the  Porks, 
also  appropriation  rights  on  all  streams  above  the  Little  Bear  Valley 
reservoir  inlet  dating  from  1890  and  on  the  West  Fork  and  Deep  Creek 
dating  from  1905. 

The  company  claims  that  the  measurements  show  that  enough  water 
can  be  stored  to  enable  the  delivery  of  40  second-feet  continuously  from 
the  Little  Bear  Valley  reservoir,  or  100  second-feet  continuously  from 
this  reservoir  and  the  Forks  reservoir  combined. 

The  Little  Bear  Valley  dam  (Plate  II,  Fig.  1)  is  now  built  to  a  height 
of  160  feet  above  stream  bed  and  is  80  per  cent  completed.  It  is  to 
have  a  maximum  height  of  200  feet  above  stream  bed  and  220  feet 
above  bedrock,  a  length  on  top  of  830  feet  and  a  top  width  of  20  feet. 
The  fill  will  contain  1,562,329  cubic  yards  of  earth  and  the  core  will 
contain  27,999  cubic  yards  of  concrete.  The  original  slopes  were,  inside 
2^  to  1  and  outside  2  to  1,  but  an  addition  is  now  being  made  to  the 
lower  fill  to  change  the  outside  slope  to  3  to  1.  The  core  wall  is  20  feet 
thick  at  the  base  and  tapers  to  3  feet  thick  at  the  top.  That  part  above 
a  thickness  of  4  feet  is  reinforced.  In  the  winter  of  1909  cracks 
occurred  in  the  top  of  the  core  wall  which  had  then  been  built  up 
38  feet  above  the  earth  fill.  The  cracking  was  believed  to  be  due  to 
the  effect  of  temperature  on  this  exposed  portion  of  the  concrete.  The 
cracks  were  repaired.  The  spillway  is  over  the  natural  rim  of  the 
basin  and  is  5  feet  deep,  100  feet  wide  and  is  to  be  lined  with  concrete. 

'Miller  ft  Lux  vs.  Madera  Canal  and  Irrigation  Company.  155  Cal.  SO. 
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The  Deep  Creek  inlet  tunnel  is  under  construction,  it  now  being  driven 
and  partly  lined  from  the  reservoir  to  a  point  beyond  Shake  Creek,  a 
length  of  nearly  two  miles.  A  siphon  of  1,284  feet  and  shafts  at  Fern, 
Shake  and  Sheep  creeks  are  finished.  The  completed  tunnel  will  be 
over  14,316  feet  long.  The  tunnel  from  Deep  Creek  to  Crab  Creek  is 
to  be  5,000  feet  long  and  the  Holcomb  Creek  extension  is  to  add  12,100 
feet.  The  Deep  Creek  dam  is  to  be  150  feet  high  above  stream  bed,  of 
which  height  30  feet  would  be  below  the  tunnel  portal.  The  Deep  Creek 
reservoir  is  to  have  a  capacity  of  2,000  acre-feet  and  is  to  act  as  a 
regulator  to  the  inlet  tunnel.  The  tunnel  has  a  capacity  of  600  to 
1,000  second-feet,  depending  on  the  head  above  the  intake.  The  Hol- 
comb Creek  dam  is  to  be  70  feet  high,  giving  a  capacity  of  1,000  acre- 
feet  to  the  basin  above  the  tunnel. 

The  tunnel  connecting  Grass  Valley,  4,172  feet  long,  is  driven  and 
lined,  but  the  Grass  Valley  dam  has  not  been  constructed.  The  dam  as 
proposed  is  to  be  90  feet  high,  which  would  give  a  storage  capacity  of 
7,632  acre-feet.  Water  is  now  diverted  from  Grass  Valley  by  ditch  to 
and  through  the  connecting  tunnel  into  the  main  reservoir. 

The  outlet  tunnel  of  the  main  reservoir,  5,102  feet  long,  is  constructed 
and  lined,  and  through  it  water  can  now  be  discharged  into  Guernsey 
Creek,  a  tributary  of  Deep  Creek,  above  the  intake  of  the  Appleton 
Land,  Water  and  Power  Company's  canal.  The  gate  tower  (Plate  II, 
Fig.  1)  is  a  reinforced  concrete  structure  185  feet  high  located  in  the 
reservoir  basin  at  the  upper  end  of  the  outlet.  Besides  the  gate  valves 
in  this  tower  additional  valves  are  placed  in  a  shaft  220  feet  deep  extend- 
ing down  to  the  outlet  in  the  rock  rira  of  the  reservoir.  The  maximum 
head  on  the  outlet  will  be  175  feet.  The  maximum  depth  of  water  at 
the  dam  will  be  185  feet.  The  capacity  of  the  completed  reservoir 
below  the  floor  of  the  spillway  will  be  60,179  acre- feet  when  the  area 
of  the  water  surface  will  be  883  acres.  About  35,000  acre-feet  is  now 
stored  in  the  reservoir  with  the  dam  partially  completed. 

The  fall  from  Little  Bear  Valley  reservoir  to  the  Forks  is  2,000  feet, 
a  drop  sufficient  to  develop  about  7,000  horsepower  with  40  second-feet 
of  water.  The  Forks  reservoir  site  is  in  a  position  to  receive,  naturally, 
the  entire  flow  of  the  West  Fork,  also  the  water  from  Little  Bear  Valley 
reservoir  through  the  proposed  power  conduit  and  the  flood  water  from 
the  lower  part  of  Deep  Creek,  provided  about  one  mile  of  inlet  ditch  or 
tunnel  be  constructed  from  that  stream.  A  dam  150  feet  high  across 
the  West  Fork  would  give  a  capacity  of  102,000  acre-feet  and  a  reservoir 
area  of  2,000  acres.  In  addition  to  the  main  dam  a  saddle  in  the  rim 
of  the  basin  on  the  north  side  would  have  to  be  raised  with  an  embank- 
ment to  give  this  capacity. 
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Mojave  Water  and  Power  Company. 

The  project  now  undertaken  by  the  Mojave  Water  and  Power  Com- 
pany was  first  attempted  by  the  Columbia  Colonization  Company, 
organized  about  1895.  It  was  proposed  to  dam  Mojave  River  at  the 
Upper  Narrows  (Plate  V,  Pig.  1)  to  impound  water  which  would  be 
used  to  irrigate  the  desert  along  the  river  below  Victorville.  An  option 
was  procured  to  purchase  from  the  Hesperia  Land  and  Water  Company 
the  dam  site  and  the  lands  of  the  latter  company  that  would  be  flooded 
by  the  reservoir  to  be  formed. 

The  company  failed  to  carry  out  the  plan  and  the  option,  also  about 
16,000  acres  of  land  along  the  river  below  Victorville,  were  acquired  by 
James  Westwater,  who  proposed  to  construct  a  tunnel  from  the  reser- 
voir underneath  the  mesa  and  through  the  San  Bernardino  Mountains, 
a  distance  of  22  miles,  to  convey  part  of  the  stored  water  to  the  southern 
side  of  the  range  where  it  would  be  used  for  the  development  of  power 
and  for  irrigation,  while  some  of  the  water  was  to  be  used  to  irrigate 
the  mesa  and  valley  lands  along  the  river  below  Victorville. 

The  dam  site  and  the  reservoir  lands  of  the  Hesperia  Company, 
2,060  acres,  were  then  purchased  by  I.  R.  Wilbur,  who,  together  with 
Mr.  Westwater,  obtained  also  an  option  to  purchase  the  lands  of  Rancho 
Verde  that  would  be  flooded.  Mr.  Wilbur  then,  together  with  Eugene 
de  Sabla  and  others,  in  about  1908  organized  the  Mojave  Water  and 
Power  Company,  to  which  the  property  was  assigned.  The  option  on 
the  Verde  lands  has  been  allowed  to  expire.  A  right  of  way  was 
secured  from  the  government  to  use  the  unentered  land  at  the  rocky 
points  of  the  dam  site  for  reservoir  purposes. 

The  Victor  dam  site  (Plate  V,  Fig.  1)  is  good,  the  goi^e  having  walls 
of  granite,  and  the  reservoir  is  open  to  criticism  only  for  its  large  area 
which  would  probably  produce  a  heavy  evaporation  loss.  The  possi- 
bility of  seepage  water  detouring  around  the  west  end  of  the  dam  site 
is  not  a  serious  objection,  for  some  water  must  of  necessity  be  allowed 
to  flow  down  the  river  to  satisfy  lower  riparian  owners. 

Tests  of  the  underflow^  in  the  narrows  were  made  in  1894  by  the 
United  States  Geological  Survey.  Velocities  of  10  to  96  feet  per  day 
were  found  in  the  different  parts  of  the  cross  section.  The  amount  of 
underflow  for  the  section  of  4,160  square  feet  at  an  average  velocity  of 
50  feet  per  day,  and  assuming  the  porosity  of  the  sands  at  33^  per  cent 
was  found  to  be  .8  second-foot. 

The  elevation  of  the  river  channel  at  the  dam  site  is  2,709.  The 
United  States  Geological  Survey  made  borings'  in  1899  to  determine 
the  position  of  bedrock  and  found  the  maximum  depth  to  the  rock  to 

iS^i®**  Supply  Paper  No.  140,  U.  S.  Geologrical  Survey. 
A     Eighteenth  Annual  Report  of  the  United  States  Qeological  Survey;  Twenty-flnt 
Annual  Report  of  the  United  States  Geological  Survey. 


'Ing  yucca  and  3*n  Oab 


I  VI,  Flc  :.— Uitist   PUyi 


UTILIZATION  OP  MOJAVE  RIVER.  23 

be  46  feet.  The  width  of  the  gorge  at  stream  bed  is  140  feet  and  at 
145  feet  above  the  stream  it  is  350  feet.  CJomplete  detailed  surveys 
have  been  made  of  the  dam  site  and  reservoir  basin  by  Mr.  Hawgood 
for  the  company,  from  which  the  following  capacities  are  taken : 

80  ft.  contour  75,000  acre  feet 

100  ft.  contoar  134,000  acre  feet 

120  ft  contour  218.000  acre  feet 

130  ft  contour  271,000  acre  feet 

140  ft  contour  350,000  acre  feet 

For  the  site  to  be  utilized  several  miles  of  the  Santa  Fe  Railroad 
would  have  to  be  moved  to  a  new  location.  The  railroad  company  has 
agreed  to  move  the  track  to  permit  the  building  of  the  dam  and  has 
surveyed  an  acceptable  route  entering  Victorville  farther  to  the  west 
by  way  of  the  arroyo. 

The  gigantic  plan  for  a  tunnel  from  the  reservoir  to  San  Bernardino 
Valley  has  been  abandoned  and  it  is  now  contemplated  to  use  all  the 
stored  water  on  the  lands  on  both  sides  of  the  river  below  the  reservoir. 
A  canal  from  the  base  of  the  dam  would  reach  the  mesa  west  of  the 
river  in  a  distance  of  about  12  miles.  It  is  now  the  intention  to  con- 
struct the  dam  to  about  the  130-foot  contour  which  would  give  an  area 
to  the  full  reservoir  of  5,800  acres  and  a  capacity  of  271,000  acre-feet. 
The  dam  would  be  345  feet  long  on  top.  According  to  the  discharge 
measurements  of  the  company  and  provided  the  water  be  not  impounded 
above,  also  allowing  5  feet  for  evaporation,  enough  water  can  be  stored 
to  deliver  from  100  to  140  second-feet  continuously  for  300  days. 

Rancho  Verde  Company. 

Bancho  Verde  includes  3,800  acres  in  the  Mojave  River  bottom  just 
above  the  Upper  Narows.  The  first  occupation  was  about  1867  by 
James  Brown,  a  cattleman  who  pre-empted  land  and  by  1874  had  1,500 
acres  fenced  and  a  ditch  from  the  river.  Cole  and  Harris,  wlio  acquired 
the  property  about  1894,  added  more  land  by  purchase,  constructed 
another  ditch,  drilled  wells,  and  started  a  dairy.  They  also  incorpo- 
rated Rancho  Verde  Company  and  about  1902  sold  to  the  present 
owners.  Until  1912  cattle  had  been  grazed  on  the  surrounding  public 
range  as  well  as  on  the  ranch,  but  by  this  time  the  range  was  so  well 
occupied  by  entrymen  that  the  cattle  were  sold  and  the  ranch  has  since 
been  producing  alfalfa  and  sugar  beets.  The  owners  claim  that  taxes 
have  been  paid  on  1,000  miner's  inches  of  water  diverted  by  the  ditches 
since  1869,  and  to  obtain  880  miner's  inches  from  the  seven  pumped 
wells  and  350  miner's  inches  from  the  twelve  flowing  wells  on  the  ranch. 
About  1,000  acres  are  now  being  irrigated  and  the  ditches  cover  1,500 
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acres,  all  of  which  has  been  irrigated.  A  portion  of  the  land  is  riparian. 
This  ranch  is  the  most  extensive  of  the  producing  properties  and  the 
company  is  the  largest  user  of  water  on  Mojave  River. 

Daggett  Ditch. 

The  headworks  of  the  Daggett  Ditch  were  begun  by  the  Silver  Valley 
Land  and  Water  Company  about  1890.  It  was  then  the  intention  to 
collect  the  underflow  of  the  Mojave  River  and  convey  it  to  the  Calico 
mining  district  north  of  the  river,  near  Otis  (Yermo  P.  O.).  After 
constructing  some  works  at  the  **Fish  Ponds,"  near  Nebo,  the  promoters 
were  unable  to  finance  the  completion  of  the  enterprise  and  the  work 
was  resumed  by  the  Southern  California  Improvement  Company  in 
1893,  who  changed  the  plan  to  a  ditch  on  the  south  side  of  the  river  for 
the  purpose  of  irrigating  land  near  Daggett  and  Minneola.  A  sub- 
merged dam  of  sheet  piling  driven  down  through  the  sands  of  the 
channel  and  into  the  subsurface  clay  was  placed  across  the  river  and 
a  tunnel  or  gathering  flume  was  excavated  above  this  dam  to  receive 
the  water  and  deliver  it  to  the  ditch.  The  ditch  was  constructed  from 
the  intake  to  the  Daggett  ranch,  a  distance  of  four  miles,  and  from  there 
to  the  town  site  of  Minneola,  an  additional  six  miles.  The  company's 
activities  terminated  with  bankruptcy.  In  1901  a  copartnership  of 
four  persons  undertook  the  improvement  and  completion  of  the  works. 
The  headworks  which  had  been  damaged  by  flood  were  improved,  30-inch 
concrete  pipe  was  laid  in  the  first  mile  of  the  ditch  and  covered  with 
earth,  and  the  remaining  three  miles  of  ditch  leading  to  the  Daggett 
ranch  was  lined  with  concrete  and  covered  with  boards.  The  ditch 
from  Daggett  to  Minneola  was  abandoned. 

The  gathering  tunnel  at  the  intake  is  about  one-half  mile  long  and 
is  timbered  on  top  and  sides.  The  ditch  is  claimed  to  have  a  capacity 
of  1,600  miner's  inches.  By  agreement  among  the  owners  the  Daggett 
ranch  is  entitled  to  the  first  200  miner's  inches  of  water  secured  and 
only  this  amount  has  been  developed.  An  area  of  250  acres  on  the 
ranch  is  all  that  is  irrigated  regularly  under  this  system.  Surface 
flood  water  in  the  river  reaching  the  intake  can  be  turned  into  the 
ditch  and  occasionally  some  additional  land  has  been  irrigated  in  this 
manner.  The  present  owners  claim  to  have  spent  $75,000  and  each  of 
the  two  companies  preceding  them  is  said  to  have  spent  a  larger  amount. 

Yermo  Mutual  Water  Company. 
This  system  was  initiated  in  1910  by  the  Mojave  River,  Land  and 
Water  Company  to  supply  water  to  about  8^000  acres  of  land  located 
north  of  Mojave  River  and  along  the  Los  Angeles  and  Salt  Lake  Rail- 
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road  below  Yermo.  The  land  had  been  acquired  by  the  promoters  and 
was  to  be  sold  by  them,  but  in  eonstructihg  a  part  of  the  system  they 
became  too  heavily  burdened  with  indebtedness  to  continue.  The 
Yermo  Mutual  Water  Company,  a  reorganization  of  the  first  company, 
was  incorporated  in  1916,  with  $160,000  capital  stock,  to  continue  the 
work.  It  is  claimed  that  a  total  of  about  $200,000  has  been  spent,  of 
which  the  greater  part  was  under  the  first  company.  The  works  con- 
structed consist  of  five  16-inch  wells  over  400  feet  deep,  of  which  two 
are  equipped  with  12-inch  centrifugal  pumps  and  50-horsepower  engines, 
three  miles  of  concrete-lined  ditch  of  1,300  miner's  inches  capacity 
below  the  wells,  then  four  miles  of  ditch  of  3,300  miner's  inches  capacity, 
and  two  lateral  ditches.  It  is  the  intention  to  collect  underflow  from 
the  river  channel  and  to  convey  it  by  pipe  4,400  feet  to  the  point  of 
enlargement  in  the  ditch,  where  it  is  to  be  raised  to  the  grade  of  the 
ditch  by  pumping.  The  company  claims  that  250  miner's  inches  can 
now  be  delivered  from  the  two  pumped  wells  and  that  more  can  be 
delivered  when  the  settlement  demands  it  by  supplying  the  other  wells 
with  pumps.  The  water  is  lifted  from  50  to  60  feet.  Only  about  200 
acres  are  being  irrigated.  It  is  expected  that  alfalfa  and  deciduous 
fruits  will  be  grown  mainly.  The  enterprise  is  making  but  slow  growth 
owing  to  lack  of  settlers. 

Proposed  Enterprises  for  the  Use  of  Underflow. 

Several  enterprises  for  the  development  of  underflow  of  Mojave  River 
for  irrigation  have  been  proposed  which  have  not  progressed  further 
than  the  formality  of  a  stock  incorporation  and  the  filing  of  a  claim  on 
water  to  be  appropriated,  with  possibly  the  doing  of  a  nominal  amount 
of  work  with  the  intention  of  technically  establishing  a  right  to  use 
water  relating  to  the  date  of  the  claim.  The  amount  of  underground 
water  that  can  be  diverted  by  gravity  is  largely  a  matter  of  speculation. 
Success  in  pumping  from  wells  sunk  in  or  near  the  channel  at  favorable 
locations  is  more  certainly  demonstrated.  Numerous  plants  are  oper- 
ating near  Hicks,  Barstow,  Daggett  and  Minneola,  some  of  which  pro- 
duce good  streams  of  water  for  irrigating.  Several  land  owners  pump 
from  a  trench  near  the  river  at  Helen  and  they  claim  to  obtain  100 
miner's  inches  with  which  they  irrigate  160  acres  of  young  orchard. 
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LAND  OWNERSHIP  AND  SETTLEMENT. 

The  territory   considered   in   this  report   and  shown   by   the  map 
(Plate  I)  includes  gross  agricultural  areas  as  follows: 


Acns 


Mojave  River  bottom  above  Vlctorvllle 

East  Mesa- 
Apple  Valley  •      32,000 

First  Bench 4,000 

East  ol  Deadman'8  Point 8,000 


12.000 


44.000 


West  Mesa—  ' 

Baldy  Mesa  and  Hesperla — 100,000 

Sunrise  Valley ;  70.000 

Mirage  Valley - - - !  €4.000 

Along  river  below  Victorville _ i  35.000 


269,000 


Total , 325»000 

I 

Of  this  total  12,000  acres  are  patented  unsold  railroad  grant  lands, 
47,000  are  selected  unpatented  railroad  indemnity  lands;  17,000  acres 
are,  or  were,  state  school  lands,  and  37,000  acres  are  in  control  of  the 
Appleton  Land,  Water  and  Power  Company,  the  Arrowhead  Reservoir 
and  Power  Company,  and  Rancho  Verde  Company,  leaving  212,000 
acres  of  public  land,  nearly  all  of  which  has  been  applied  for  under  the 
Homestead  and  Desert  Land  Acts. 

The  railroad  lands  are  owned  by  the  Southern  Pacific  and  the  grant 
relates  to  the  road  from  Mojave  through  Barstow  to  Colorado  River, 
now  controlled  and  operated  by  the  Santa  Fe,  but  which  was  built  by 
the  Southern  Pacific  about  1884.     The  line  through  Cajon  Pass  and 
Victor  Valley,  built  by  the  Santa  Fe  in  1885,  was  not  a  land  grant  road. 
The  original  grant  included  the  Southern  Pacific  and  the  Atlantic  and 
Pacific,  but  the  latter  did  not  build  across  Mojave  Desert  as  was  con- 
templated.    The  portion  of  the  land  that  should  go  to  the  Southern 
Pacific  was  in  controversy  until  1898  when  it  was  decided  that  the  rail- 
road company  was  entitled  to  sections  numbered  1,  5,  9,  13,  17,  21,  25, 
27,  31  and  33  within  the  grant  limits.     The  southern  limit  of  the  20-mile 
strip  of  the  grant  crosses  Mojave  River  between  Oro  Grande  and  Victor- 
ville.    The  southern  edge  of  the  indemnity  strip,  10  miles  wide  outside 
the  grant  limits  in  which  the  railroad  company  has  selected  some  of  the 
odd-numbered    sections,    crosses    the    river    between    Victorville    and 
Hesperia.     The  railroad  lands  have  not  been  on  the  market. 

Of  the  land  applied  for  under  the  national  laws,  the  greater  area  has 
been  under  the  Homestead  Act  and  a  much  larger  proportion  of  the 
homestead  entries  have  been  patented  than  of  the  desert  land  entries. 
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The  Hesperia  Land  and  Water  Company,  soon  after  its  organization, 
cleared  some  of  its  land  of  brush  and  timber  and  sold  the  juniper  and 
yucca  for  wood.  About  this  time  many  homestead  filings  were  made 
and  the  entrymen  cut  the  timber  (Plate  VI,  Pig.  1)  and  sold  wood, 
hauling  it  to  Hesperia.  Soon  the  government  enforced  restrictions  on 
the  cutting  of  timber  on  homestead  entries  which  curtailed  this  practice 
and  some  of  the  entries  were  allowed  to  revert  to  the  government. 

Then  came  years  of  little  activity  until  the  present  decade  which 
brought  a  period  of  much  land  filing.  The  stimulus  of  the  national 
movement  for  arid  land  reclamation,  the  demonstration  of  the  feasibility 
of  pumping  south  of  the  mountains,  a  better  established  market  for 
apples  and  pears,  and  the  activities  of  speculators  were  all  influences 
in  the  rush  for  the  public  lands.  Althouj^h  the  orchard  was  generally 
regarded  as  the  future  chief  industry  of  the  region,  land  entries  were 
made  for  the  maximum  area  allowed  under  the  law  and  320-acre  desert 
entries  were  located  where  the  water  furnished  by  wells  is  inadequate 
and  where  pumping  is  too  expensive  for  reclamation  and  the  making 
of  final  proof. 

In  1913  many  of  the  settlers  and  land  entrymen  on  both  sides  of  the 
river  formed  the  Victor  Valley  Mutual  Water  and  Power  District  Asso- 
ciation to  secure  beneficial  measures,  the  chief  one  being  a  government 
irrigation  project.  This  association  was  unincorporated  and  member- 
ship was  voluntary.  The  members  were  assessed  on  the  acre  basis  to 
provide  funds  to  carry  out  the  purpose  of  organization.  The  association 
made  an  urgent  appeal  to  the  government  for  a  project  to  include  lands 
on  both  sides  of  the  river,  but  the  government,  although  in  sympathy 
with  the  end  sought,  was,  owing  to  the  depleted  condition  of  the  reclama- 
tion fund,  unable  to  render  financial  aid.  The  association  was  instru- 
mental in  securing  extensions  of  time  for  the  making  of  final  proof  on 
land  entries  pending  arrangements  for  an  irrigation  project  to  use  water 
from  Mojave  River,  but  this  offered  temporary  relief  only. 

The  condition  confronting  many  land  entrymen  in  1915  was  discour- 
aging. Besides  the  final  proofs  to  be  made,  numerous  small  tracts  had 
been  planted  to  orchard  on  which  the  trees  would,  in  a  few  years,  need 
more  water  than  could  be  supplied  by  the  irrigation  facilities.  The 
total  area  irrigated  in  Victor  Valley  is  about  7,740  acres,  of  which  only 
about  2,185  acres  are  on  the  mesas. 

Table  No.  1  gives  the  areas  irrigated  in  Victor  Valley  and  on  Mojave 
River.  The  areas  irrigated  from  the  river  are  close  approximations  and 
the  area  irrigated  from  wells  are  estimated  from  partial  data.  All 
ditches  down  to  and  including  the  Haws  and  Robinson  are  considered 
as  being  in  Victor  Valley. 
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TABLE  No.  1. 
Area  Irrigated  on  Mojave  River  and  In  Victor  Valley. 


DiTlilon 

ATM 

Irrlfatod 
from 
rtrcr 

(Acres) 

Ax«a 

Irrigated 
from 
welh 

(Acres) 

Total 
acres 

River  Bottom  and  First  Bench  of  East  Mesa 

East  Mesa  and  Lucerne  Valley  Pass 

1.655 

3,900 
975 
900 

5,555 
975 

West  Mesa,  including  Mirage  Valley 

310 

1,210 

Totals,  Victor  Valley 

Lowlands   • 

1,965 
1.130 

5,775 
1,000 

7,740 
2.130 

Totals,  Mojave  River 

8,095 

6.775 

1 

9.870 

The  Smith  Act,  which  passed  congress  August  11,  1916,  making 
possible  the  inclusion  of  government  land  in  irrigation  districts  organ- 
ized under  the  laws  of  the  states  provided  such  districts  do  not  include 
a  majority  acreage  of  unentered  land,  opened  the  way  for  state  irriga- 
tion districts  in  Victor  Valley.  A  district  to  include  55,000  acres  on 
both  the  east  and  west  mesas  was  proposed  by  the  association,  but  the 
land  entrymen  on  the  east  mesa,  believing  that  an  independent  system 
for  their  lands  would  be  cheaper  per  acre  than  the  more  general  project, 
proceeded  to  secure  the  organization  of  the  Mojave  River  Irrigation 
District  for  the  east  side  only.  Soon  the  entrymen  on  the  west  mesa 
petitioned  for  the  formation  of  the  Victor  Valley  Irrigation  District  for 
the  west  side. 

One  of  the  main  obstacles  to  progress  is  the  large  size  of  the  land 
holdings.  A  majority  of  the  entrymen  can  not  finance  the  improvement 
of  160  and  320  acres  and  but  few  of  the  irrigated  tracts  on  the  mesas 
exceed  20  acres.  If  the  entries  were  limited  to  40  acres  the  chances  for 
successful  reclamation  would  be  better.  Small  tracts  planted  to  orchard 
M'ould  give  more  profit  and  more  value  to  the  land  and  justify  more 
expense  for  water  than  larger  tracts  for  other  purposes.  At  the  same 
time  they  would  require  less  water  per  acre,  allow  a  larger  district  to  be 
irrigated  with  the  water  supply  and  make  the  cost  of  the  works  less 
burdensome.    No  disadvantage  would  be  imposed  on  the  actual  settler. 

MOJAVE  RIVER  IRRIGATION  DISTRICT. 

The  first  petition  for  the  organization  of  the  Mojave  Eiver  Irrigation 
District  was  filed  with  the  board  of  supervisors  of  San  Bernardino 
County,  November  20,  1916.  The  board,  acting  on  the  advice  of  the 
state  engineer  and  being  uncertain  as  to  the  feasibility  of  the  proposed 
works  and  the  security  that  could  be  offered  for  a  bond  issue,  denied  t-he 
petition  without  prejudice  and  arranged  for  an  investigation  of  the 
conditions  to  be  made  in  thirty  days,  intending  to  take  final  action  after 
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being  in  possession  of  facts  to  enable  a  more  intelligent  decision.  The 
petitioners  could  not,  according  to  law,  present  a  new  petition  until 
thirty  days  had  elapsed,  but  it  was  not  possible  for  the  commission  to 
make  the  necessary  investigations  in  that  time  and  the  petitioners  were 
unwilling  to  wait  for  the  results.  A  new  petition  was  then  filed  Feb- 
ruary 2,  1917,  bearing  the  signatures  of  over  75  per  cent  of  the  land- 
owners in  the  proposed  district  which,  under  the  law,  made  it  obligatory 
on  the  part  of  the  supervisors  to  provide  for  the  organization  of  the 
district.  When  submitted  to  the  voters  the  proposal  for  a  district 
carried  by  a  vote  of  40  for  and  none  against.  The  organization  was 
completed  April  9,  1917. 

The  district  embraces  27,655  acres,  of  which  26,874  acres  are  irrigable. 
On  November  23,  1917,  11,930  acres  were  patented,  7,120  acres  were 
railroad  selected  land  and  the  remaining  8,615  acres  were  practically 
all  entered,  75  per  cent  of  the  entered  land  being  under  the  Homestead 
Act.  It  was  originally  the  purpose  of  this  district  to  purchase  the  Forks 
reservoir  site  of  the  Arrowhead  Reservoir  and  Power  Company,  improve 
the  site  and  construct  a  conduit  12  miles  long  of  siphon,  tunnel  and  canal 
to  irrigate  the  greater  portion  of  the  district  by  gravity.  Water  would 
then  have  to  be  lifted  100  feet  to  cover  the  upper  or  southern  portion  of 
the  district.  Later  the  plans  were  changed  and  the  district  is  now 
making  an  endeavor  to  combine  with  the  Appleton  Land,  Water  and 
Power  Company  and  other  landowners  on  the  west  mesa  to  secure  the 
use  of  water  from  Little  Bear  Valley  reservoir.  Toward  this  end  the 
district  filed  suit  October  5,  1917,  against  the  Arrowhead  Reservoir  and 
Power  Companj*^,  and  a  trustee  of  stockholders  in  the  company  and  the 
holders  of  options  on  their  property,  to  condemn  their  entire  properties 
and  water  rights. 

VICTOR  VALLEY  IRRIGATION  DISTRICT. 

The  first  petition  for  the  Victor  Valley  Irrigation  District  was  filed 
May  28,  1917.  The  action  and  the  reasons  for  the  action  taken  by  the 
supervisors  were  exactly  the  same  as  with  the  district  for  the  east  side, 
the  petition  being  denied  without  prejudice.  In  compliance  with  the 
law  a  second  petition  was  presented  August  3,  1917,  with  a  sufficient 
number  of  signatures  to  make  it  mandatory  for  the  supervisors  to  pro- 
vide for  the  organization.  At  the  election  44  ballots  were  cast  for  and 
none  against  the  organization,  and  the  district  was  declared  organized 
October  22,  1917. 

The  district  has  a  total  area  of  71,517  acres,  of  which  65,000  are 
believed  to  be  irrigable.  About  the  time  the  organization  was  completed 
the  boundary  included  the  following  classes  of  land:  patented  34,281 
acres,  railroad  selected  land  9,417  acres,  homestead  entries  9,456  acres, 
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and  desert  entries  18,363  acres.    No  land  of  the  Appleton  Land,  Water 
and  Power  Company  is  included. 

The  district  controls  three  options  to  purchase  all  or  parts  of  the 
properties  of  the  Arrowhead  Reservoir  and  Power  Company  and  of  a 
trustee  of  stockholders  in  the  company.  The  options  were  obtained 
October  6,  1916,  by  C.  F.  Quthridge  and  held  by  him  for  the  district  to 
be  oi^anized.  It  was  provided  that  if  a  district  should  be  organized  in 
four  months  of  the  date  of  the  options  and  that  if  the  district  should 
take  steps  to  exercise  the  right  of  purchase,  the  options  were  to 
extend  for  one  year,  or  to  October  6,  1917.  The  options  were  made 
assignable  to  the  district  only  and  were  not  to  be  further  assigned 
by  tlie  district.  By  agreement  of  October  3,  1917,  the  options  were 
extended  to  July  1,  1918,  and  on  October  22,  1917,  they  were  assigned 
by  Mr.  Guthridge  to  the  district.     The  options  are  as  follows : 

1.  For  Rancho  Las  Flores  and  the  agricultural  lands  below  Victorvill:; 
owned  by  the  trustee  of  stockholders  of  the  company,  $750,000. 

2.  For  all  properties,  including  lands,  constructed  works,  water  rights, 
and  rights  of  way  of  the  company,  also  the  right  to  construct  a  dam  at 
the  Forks  site  and  to  flood  the  reservoir  basin  on  Rancho  Las  Flores 
owned  by  the  trustee,  $2,000,000. 

3.  For  all  properties  of  the  company  without  the  flooding  privilege 
on  Rancho  Las  Flores,  $1,750,000. 

It  is  proposed  to  exercise  both  the  first  and  third  options  and  under 
them  to  purchase  for  a  total  of  $2,500,000  all  the  properties  of  the 
company  and  the  trustee.  The  district  proposes  to  follow  one  of  two 
plans  or  a  combination  of  them  to  carry  water  to  the  west  mesa.  One 
is  for  the  completion  of  the  Little  Bear  Valley  reservoir  (Plate  II, 
Fig.  1)  and  the  inlet  works,  and  the  construction  of  a  conduit  from  the 
outlet  of  the  reservoir  westward  across  the  West  Fork  of  Mojave  River 
and  to  the  west  mesa  which  would  cover  all  land  in  the  district  by 
gravity.  This  conduit  would  be  27  miles  long  and  would  consist  in 
part  of  tunnel  at  the  upper  end,  of  inverted  siphon  across  the  West 
Fork  and  of  concrete  pipe  towards  the  lower  end.  A  power  drop  of 
810  feet  would  be  utilized  at  the  approach  to  the  siphon. 

The  other  plan  is  to  complete  Little  Bear  Valley  reservoir,  construct 
the  power  conduit  to  the  Forks,  improve  the  Forks  reservoir  site  and 
provide  for  lifting  the  water  discharged  from  this  reservoir  to  the  lands 
above  the  gravity  conduit. 

Under  a  combination  of  these  plans  only  a  part  of  the  water  in  the 
Little  Bear  reservoir  would  be  carried  directly  to  the  mesa  as  under 
the  first  plan,  and  the  remainder  would  be  dropped  to  the  Forks  reser- 
voir. Power  would  then  be  developed  on  both  outlets  of  the  Little  Bear 
reservoir  and  the  water  from  the  Forks  reservoir  would  be  used  on  the 
lower  lands  by  gravity. 
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SOILS. 

The  soils  of  Victor  Valley  consist  of  the  materials  eroded  from  the 
mountains  and  redistributed  in  the  valley,  consequently  they  do  not 
differ  widely  in  composition  but  vary  more  in  their  relative  proportions 
of  sand  and  clay.  The  records  of  wells  drilled  indicate  that  an  enor- 
mous quantity  of  material  has  been  transported  to  the  plain.  The 
iconeral  arrangement  of  coarse  material  near  the  mountains  outward  to 
fine  in  the  lower  plain  is  not  so  noticeable  in  the  surface  soils  as  on  many 
alluvial  fans.  The  migratory  character  of  the  stream  channels  has  no 
doubt  disturbed  this  gradual  order  to  some  extent  and  the  winds  have 
also  added  to  the  complexity  by  transporting  fine  sajtid  and  dust. 

In  general,  the  higher  lands  are  superior  to  the  lower.  That  part  of 
the  west  mesa  known  as  Baldy  Mesa,  situated  above  contour  3,400,  has 
more  rain,  less  wind,  more  even  temperature,  more  vegetation  and  better 
agricultural  soil  than  other  portions  of  either  mesa.  The  foothills  are 
covered  with  a  thick  growth  consisting  principally  of  scrub  oak,  man- 
zanita  and  juniper,  the  latter  extending  out  on  the  plain  two  or  three 
miles.  Creosote,  commonly  called  greasewood,  and  sage,  desert  shrubs, 
and  bunch  grass,  interpersed  with  giant  yucca  {Clistoyucca  arbo- 
r€sce'tis)f  are  distributed  over  the  entire  plain.  The  yucca,  sometimes 
called  the  Joshua  tree,  is  peculiar  to  this  desert  and  to  southern  Nevada, 
and  its  fantastic  appearance  lends  a  weird  picturesqueness  to  the  region 
(Plate  VI,  Pig.  1).  The  yucca  has  commercial  value  for  the  manufac- 
ture of  paper,  of  which  it  makes  a  good  grade  of  the  manilla  kind. 

No  comprehensive  soil  survey  has  been  made  of  Victor  Valley,  but  the 
reconnaissance  for  a  complete  survey  is  being  made  by  the  Bureau  of 
Soils,  United  States  Department  of  Agriculture.  The  soils  of  both 
mesas  are  well  adapted  to  agricultural  purposes. 

For  the  purpose  of  studying  the  moisture  requirements  of  the  soils, 
borings  were  made  on  selected  parts  of  the  mesas  to  depths  of  6  feet  or 
more  and  soil  samples  were  taken  at  each  foot  in  depth.  The  samples 
were  also  used  to  test  some  other  properties  of  the  soils. 

Analyses  for  alkali  content  were  made  of  the  first  foot  of  soil  from 
different  parts  of  the  mesas.  All  indicated  freedom  from  injurious 
amounts  of  salts.  No  analyses  were  made  of  the  subsoils,  but  owing  to 
the  fact  that  the  limited  amount  of  water  for  irrigation  in  proportion 
to  the  irrigable  land  will  operate  to  make  the  use  of  water  economical, 
it  is  probable  that  the  ground  water  level  will  never  be  raised  sufficiently 
to  bring  salts  in  solution  to  an  accumulation  at  the  surface. 

Occurring  on  the  surface  and  in  the  substrata  at  different  points  in 
the  valley  are  soils  containing  some  carbonate  of  lime  which  cements 
together  the  materials  into  a  hardpan.  It  is  probable  that  this  hardpan 
will  be  softened  when  there  is  irrigation. 


32 


IRRIGATION   INVESTIGATIONS   IN   CALIFORNIA. 


Soil  was  encountered  in  a  number  of  test  holes  which  was  coarse  yet 
hard  and  seemingly  impervious.  This  appeared  to  consist  of  angular 
grains  closely  packed  and  held  by  clay  particles.  This  soil  is  easily 
crushed  and  melts  or  softens  in  water  without  becoming  plastic.  This 
type  of  soil  is  found  in  rather  large  areas  on  the  east  mesa,  but  to  a  leas 
extent  on  the  west  mesa,  and  this  probably  accounts  for  a  prevailing 
exaggerated  idea  that  the  soils  on  the  east  mesa  are  much  heavier  than 
those  on  the  west  mesa.  They  are  in  general  some  heavier  but  the  eflfect 
of  this  characteristic  should  be  to  some  degree  overcome  by  the  applica- 
tion of  water. 

Table  No.  2  shows  the  amount  of  organic  matter  in  the  surface  soil 
from  the  different  parts  of  the  valley.  The  organic  matter  was  calcu- 
lated at  58  per  cent  of  the  total  carbon  which  was  quantitatively 
determined. 

TABLE  No.  2. 
Carbon  and  Organic  Content  in  First  Foot  of  Soil  In  Victor  Valley. 
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Location 
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2-year 

5-year 

12-year 

12-year 
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5-year 
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3-year 


orchard 

orchard 

orchard 

alfalfa 

orchard 

orchard 

orchard 

orchard 

orchard 

orchard 


SW.  cor.,  NW.  i  Sec.  6^  T.  4  N..  R.  2  W , 

SW.  I  NW.  h  SW.  h  Sec.  9.  T.  4  N..  R.  3  W... J 

SW.i  SV7.i,  Sec.  30,  T.  5  N.,  R.  3  W ! 

NW.  h  SE.  i  SW.  1,  Sec.  80,  T.  5  N.,  R.  3  W... 
NE.  cor.,  SW.  J.  NW.  I  Sec.  8,  T.  5  N..  R.  3  W. 

Center,  SE.  J.  Sec.  23,  T.  5  N..  R.  3  W .1 

NE.  i,  NE.  i.  Sec.  24,  T.  4  N.,  R.  6  W. ! 

SE.  cor..  NE.  i  Sec.  22,  T.  4  N.,  R.  5  W ' 

NE.  cor.,  SE.  i  Sec.  21,  T.  5  N.,  R.  5  W ! 

NE.  cor.,  NW.  i.  SE,  J,  Sec.  22,  T.  5  N..  R.  6  W. ! 


Pnomt 
of  toUl 

Wt)0O 

ofor- 
suiie 
matter 

.1260 

.2172 

.1266 

.2172 

.1290 

.2224 

.1455 

.2506 

.1365 

.2353 

1.6380 

2^070 

.3075 

.5301 

.1500 

.2586 

.0795 

.1370 

.1005 

.1733 

Excepting  the  sample  from  test  hole  No.  15,  which  was  on  sub- 
irrigated  river  bottom  land,  the  soils  are  deficient  in  organic  matter. 
This  lack  may  be  overcome  to  some  extent  by  the  growing  of  cover  crops 
which  supply  humus  to  the  soil,  but  such  crops  require  some  water  for 
their  irrigation  in  addition  to  that  required  by  the  main  crop. 

No  mechanical  analyses  were  made  of  the  soils,  but  the  wilting 
percentage  was  determined,  and  it  is  a  measure  of  the  texture  or  fine- 
ness of  particle,  the  perviousness  or  degree  to  which  it  facilitates  the 
passage  of  moisture  and  the  porosity  or  the  capacity  to  hold  water.  The 
finer  the  soil  particles  the  ** heavier"  the  soil,  the  higher  the  wilting  per- 
centage, the  greater  the  quantity  of  water  the  soil  must  contain  to 
support  plant  growth,  the  greater  the  capacity  to  hold  water  and  the 
slower  the  movement  of  water  in  the  soil.  Although  the  rate  of  move- 
ment is  slower,  the  final  reach  of  capillarity  is  farther  in  the  heavy  soils 
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than  iu  the  lighter  soils.  The  loss  of  moisture  by  evaporation  should 
be  greater  from  the  finer  textured  soils. 

The  tesUi  to  determine  the  amount  of  moisture  that  should  be  main- 
tained in  the  soils  to  sustain  plant  growth  are  useful  in  comparing  the 
two  mesas  as  to  their  relative  requirements  of  water.  This  study  was 
made  according  to  the  method  developed  and  used  by  the  Bureau  of 
Plant  Industry  of  the  United  States  Department  of  Agriculture.  The 
purpose  was  to  determine  what  is  designated  as  the  wilting  percentage 
of  the  soils.  This  term  is  expressed  in  percentage  by  weight  on  the  basis 
of  the  weight  of  the  dry  soil  and  it  may  be  defined  as  the  percentage 
of  moisture  in  the  soil  below  which,  if  the  moisture  drops,  the  plants 
will  wilt.  It  has  been  determined  by  experiment  that  the  finer  the 
texture  of  the  soil  the  greater  the  percentage  of  this  unavailable  mois- 
ture. It  is  apparent  that  for  good  plant  growth  and  profitable  crop 
production  the  moisture  should  not  be  allowed  to  fall  below  the  wilting 
percentage  during  the  growing  season.  The  wilting  percentage,  if  mul- 
tiplied by  1.84,  gives  what  is  known  as  the  moisture  equivalent.  The 
percentage  of  moisture  which  corresponds  to  this  is  that  usually  found 
in  the  soil  after  an  irrigation  and  probably  may  be  considered  an 
optimum. 

Tables  No.  3  and  No.  4  give  the  wilting  percentages  and  the  moisture 
equivalents  for  soils  tested  from  the  east  and  west  mesas.  The  amounts 
of  water  necessary  in  the  soil  to  prevent  wilting  of  plants  and  to  satisfy 
the  moisture  equivalent  shown  in  the  two  last  columns  were  calculated 
on  the  basis  of  an  assumed  volume  weight  of  soil  of  90  pounds  per 
cubic  foot. 


TABLE  No.  3. 


Wilting  Percentages  and  Moisture  Equivalents  for  Six  Feet  of  Soil  on  East  Mesa. 
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7.2 
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1.629 

4.8 

8.0 
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TABLE  No.  4. 
Wilting  Percentages  and  Moisture  Equivalents  for  Six  Feet  of  Soil  on  West  Mesa. 


Number  of 
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Loeation 
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17 
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SE.  cor.,  NE.  J,  Sec.  22,  T.  4  N.,  R.  5  W 

SE.  cor..  NW.  i,  Sec.  22.  T.  5  N.,  R.  5  W 

NE.  cor.,  SE.  i  Sec.  21,  T.  5  N.,  R.  5  W 

NE.  cor.,  NW.  J,  SE.  |,  Sec.  22,  T.  5  N..  R.  6  W. 
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SE.  cor.,  NE.  i  Sec.  23,  T.  6  N..  R.  7  W 
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5.8 
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5.5 
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.710 
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jm 
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1.^2 
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5.3 

9.6 
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jm 

In  sampling  it  was  noticed  that  in  all  except  No.  14,  which  was  in  an 
unirrigated  orchard  on  Baldy  Mesa,  the  soil  was  dry  below  the  third 
or  fourth  foot. 

The  test  for  the  first  6  feet  of  soil  in  eight  holes  on  the  east  mesa 
gave  wilting  percentages  ranging  from  3.0  to  9.6  per  cent,  with  an 
average  of  6.0  per  cent.  Similar  tests  for  eight  holes  on  the  west  mesa 
gave  wilting  percentages  ranging  from  3.0  to  8.1  per  cent  with  an 
average  of  5.3  per  cent.  The  number  of  acre-feet  of  water  per  acre  that 
would  have  to  be  put  into  the  upper  6  feet  of  soil  on  the  east  mesa  to 
produce  a  moisture  percentage  above  the  wilting  point  is  .52,  and  the 
number  of  acre-feet  to  produce  the  same  result  on  the  west  mesa  is  ,46. 
It  is  assumed  that  a  depth  of  6  feet  of  soil  is  sufScient  for  the  penetration 
of  roots  of  deciduous  fruit  trees.  The  surface  soil  on  the  east  mesa  in 
considerable  areas  is  ** heavier"  than  that  on  the  west  mesa  where  the 
'*  heavier"  textured  soil  is  more  in  spots.  This 'theoretical  comparison 
indicates  that  the  soils  of  the  east  mesa  would  require  but  slightly  more 
water  than  those  of  the  west  mesa. 

These  results  do  not  show  the  duty  of  water  nor  give  data  from  which 
the  duty  of  water  may  be  determined.  They  merely  compare  the  soils 
as  to  moisture  requirements.  They  do  not  show  how  rapidly  the 
moisture,  if  once  supplied,  would  be  depleted  by  the  action  of  nature 
nor  how  frequently  and  in  what  amounts  water  would  have  to  be  sup- 
plied to  maintain  the  required  moisture  percentages.  These  studies  take 
account  of  soils  only  and  do  not  give  consideration  to  other  important 
factors  affecting  duty  of  water. 

CLIMATE. 

In  a  study  of  duty  of  water  due  consideration  must  be  given  to 
elevation  and  topography  as  affecting  precipitation,  temperature  and 
wind  as  affecting  evaporation,  and  to  the  possibility  of  deep  percolaticm. 
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Table  No.  5  gives  the  maximum  and  miniinum  temperatures  recorded 
at  the  ranch  of  Dr.  Q.  W.  Dobie,  centrally  located  on  the  west  mesa. 
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The  highest  temperature  in  the  foregoing  table  is  111°  which  occurred 
in  Joly.  The  lowest,  12°,  occurred  several  times  in  the  months  of 
December,  January  and  February.  The  lower  parts  of  the  valley  have 
greater  and  the  higher  parts  less  extremes  of  temperature.  The  mini- 
mam  winter  temperature  at  Victorville  has  fallen  below  zero  on 
occasions. 

The  annual  rainfall  in  Victor  Valley  varies  from  abont  15  inches  at 
the  foothilb  to  about  5  inches  at  Victorville.  I'be  clouds  come  from  the 
soath  or  southwest  and  they  enter  the  valley  through  Cajon  Pass  and  by 
crossing  over  the  mountains  on  either  side  of  the  pass.  They  are  some- 
times turned  westward  from  Cajon  Pass  and  this  probably  accounts  for  a 
precipitation  on  Baldy  Mesa  that  is  greater  than  would  be  Hccminteii  for 
by  elevation  alone.  Generally  an  annual  rainfall  of  8  or  9  inches  is 
required  to  satisfy  the  immediate  surface  run-off  and  the  evaporation 
from  the  soil  and  the  precipitation  must  generally  exceed  this  amount 
for  any  considerable  quantity  of  moisture  to  be  retained  in  the  soil  long 
enough  to  produce  other  than  characteristic  desert  vegetation.  This 
appears  to  hold  true  for  this  locality  where  the  greater  precipitation  on 
Baldy  Mesa  produces  the  heavier  and  more  varied  plant  forms  of  the 
Joniper  belt. 

Table  No.  6  gives  the  only  measurements  of  precipitation  that  have 
been  kept  long  enough  to  be  of  value. 
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TABLE  No.  6. 
Pr«ciplt«tion  In  Victor  Valloy. 
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The  variation  in  annual  precipitation  at  the  several  stations  is 
graphically  shown  by  the  diagram  Fig.  1. 

Unfortunately  no  records  of  rainfall  have  been  kept  for  periods  of 
several  years  on  the  east  mesa  but  such  meagre  records  as  are  available 
indicate  the  rainfall  to  be  less  than  on  the  west  mesa.  This  difference 
has  been  observed  by  residents  of  the  valley  and  it  is  also  shown  by 
the  vegetation. 

Almost  no  rain  falls  in  June  and  July  and  about  75  per  cent  of  the 
total  annual  precipitation  occurs  in  December  to  April,  inclusive. 
Some  snow  falls  in  winter,  especially  on  the  upper  slopes  of  the  plain. 
The  monthly  distribution  of  the  annual  precipitation  at  the  Dobie 
Ranch  is  shown  by  Table  No.  7,  also  by  the  diagram  Pig.  2. 

TABLE  No.  7. 
Monthly  Precipitation  at  Dobia  Ranch. 


Month 


1913-18  I  1913-14 
(Indnt)  (IneiiM) 


1914-15 
(Inchn) 


1915-16 
(InehM) 


M«an 
1908-09 


OaStm) 
1909-10 


(Indin)i(IiidMs) 
1910-11 :  1911- U 


) 


July 

August  

September  

October  

November 

December  ... 

January  

February   

March 

April  

May I 

June  _ I 


.40 

.76 

0 

.88 

.60 

.20 

1.01 

0 

0 

0 


0 
.90 

0 

0 

.15 

1.18 

.32 

0 

.ao 

0 
0 
0 


Season 


— j    8J{5  j    2.86 


0 

.05 

0 

0 

.10 

.08 

1.38 

1.48 

.61 

.18 

0 


I 


0 

0 

1.74 

.10 
0 

.15 

0 

0 

1.48 

.80 
0 
0 


0 

0 

1.01 

"is 

0 

.87 

1.26 

SB 

0 

0 

.10 


.30  I 

.13  { 

0 

0 

j87 

.06 

8.17 

1.08 

M 

1.28 

.10 

0 


3.84  ;     8.77  i     aJW  ,    g.76 


0 

0 

0 

M 

.22 

2.23 

119 

2.18 

J07 

.40 

.26 

0 


&91 


0 

0 

0 
.10 
.22 

2JS[ 
.86! 
.06 

0 
M 

0 


M 
J3 
JS 
.15 
S& 
.53 
lA 
JSl 
.46 

S» 
SSI 


8.40 


laa 
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IRRIOATION    INVEUTiaATIONS   IN.  GALUfWNIA. 


This  is  a  region  of  mu*;li  wind.  The  prevailing  direction  is  from 
south  of  west.  The  Baldy  Mesa  is  most  free  from  wind.  The  stronger 
air  eurrenta  occur  more  fre<iuently  in  the  spring.  The  winds,  together 
with  the  drj'  atmosphere,  should  produce  high  evaporation  losses  from 
either  water  surfaces  or  wetted  soils.  The  Fo»irth  Annual  Report  of  the 
Los  Angeles  Board  of  Water  Commissioners  gives  the  evaporation  from 
a  water  surface  in  this  section  nt  56.40  inches  for  June  to  December, 
inclusive,  1898,  and  an  estimate  of  86.55  inches  is  given  for  the  entire 
year.  The  Arrowhead  Reservoir  and  Power  Company  has  fonnd  the 
evaporation  from  Jjittle  Bear  Valley  Reservoir  in  the  mountains  to  be 
from  30  to  36  inches  per  annum.  A  comparison  of  these  records  shows 
the  effect  of  the  desert  atmosphere,  temperatures  and  winds  on 
evaporation. 

DUTY  OF  WATER 

An  advantage  is  to  he  gained  by  selecting  crops  such  as  apples  and 
pears  that  are  not  only  suited  to  soil  and  climate  of  Victor  Valley,  but 
which  also  have  high  commercial  value  and  require  little  water.  It  is,  in 
fact,  imperative  that  the  greater  part  of  the  land  to  be  under  any  irriga- 
tion  system  on  either  mcsA  grow  crops  that  permit  both  a  high  duty  of 
water  and  a  high  cost  of  irrigation  per  acre  in  order  that  the  project 
be  financially  feasible.  It  is  assumed  that  a  small  portion  of  the  land 
would  produce  alfalfa  and  vegetables  but  the  proportion  of  these  shoold 
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not  bef  large.  Alfalfa  in  this  region  would  require  more  than  double  the 
amount  of  water  required  by  deciduous  fruits  and  the  area  served  by 
the  water  available  if  planted  to  alfalfa  would  then  be  less  than  half 
the  area  that  could  be  served  if  planted  to  orchard.  Finally,  the  cost 
per  acre  of  the  works  for  alfalfa  would  practically  be  double  that  for 
orchard  for  the  cost  of  the  distributing  system  on  the  mesa  would  be 
small  in  proportion  to  that  of  the  mountain  works  which  latter  cost 
would  be  the  same  in  either  case. 

No  attempt  was  made  to  systematically  collect  information  on  the 
duty  of  water  for  alfalfa  for  this  report  as  was  done  for  duty  for 
deciduous  fruits,  but  opportunity  was  given  in  the  course  of  the  investi- 
gation to  obtain  some  miscellaneous  data  which  are  presented  for  what 
they  are  worth  in  Table  No.  8. 

TABLE  No.  8. 
Duty  of  Water  for  Alfalfa. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Mojave  River  bottom _ 

Mojave  River  bottom ' 

East  Mesa  

West  Mesa  • 

West  Mesa  — — ' 

Lucerne  Valley  

Lucerne  Valley  

Lucerne  Valley  

Ferris  Valley  — 

Ferris  Valley 

Ferris  Valley 

Ferris  Valley  

Totals  and  average i 


60 
66 


960.00 
1.040.82 


40' 

274.40 

5  ' 

6.20 

25 

100.00 

18' 

d9JB0 

40  ! 

100.20 

17 

46.24 

75 

421.50 

60 

903.50 

30. 

191.70 

50 

1 

275.00 

16.00 
15.77 
6.89 
1.24 
4.07 
2.20 
2.73 
2.72 
5.62 
6i)7 
6.39 
5.50 


476  I  3.768.16 


7.92 


The  average  7.92  acre  feet  per  acre  is  obtained  by  dividing  the  total 
number  of  acre  feet,  3,768.16,  by  the  total  number  of  acres,  476,  which 
gives  weight  in  the  average  to  the  several  tracts  according  to  area. 
Eliminating  tracts  numbers  1  and  2,  which  are  in  the  river  bottom 
where  the  soil  is  sandy  and  the  water  plentiful  and  cheaply  applied,  the 
average  is  5.72  acre  feet  per  acre  which  amount  is  believed  more  than 
is  necessary  for  alfalfa  in  Victor  Valley. 

A  better  idea  of  the  amount  of  water  required  for  irrigating  alfalfa 
may  be  had  from  consideration  of  two  of  the  larger  alfalfa  growing 
sections  of  southern  California,  Imperial  Valley  and  Chino,  the  one 
more  arid  and  the  other  less  arid  than  Victor  Valley.  The  water  used 
in  Imperial  Valley  flows  by  gravity  from  Colorado  River  and  is  plenti- 
fnl  and  eheap.    That  used  at  Chino  is  pumped  from  wells  with  lifts  up 
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to  125  feet  and  is  expensive.  The  fields  in  Imperial  Valley  are  flooded 
by  the  border  check  method  and  those  at  Chino  are  flooded  by  snrfaiw 
pipe.  The  duty  of  water  for  alfalfa  in  these  localities  is  shown  bv  Table 
No.  9. 

TABLE  No.  9. 
Duty  of  Water  for  Alfalfa  In  Imperial  Valley  and  at  Chlno. 


,._  Number    ;    RalnfaU    I   iRitatlon  i  ToUl  water 

Locality  of  In  acrt  feet    In  acre  feet !  In  aei«  feet 

crops  per  acre    ,     peraert         per  acre 


pererop 

In  acre  feet 

per  acre 


TMal  water 

per  crop 
inaenfeet 


1 

Imperial  Valley 8  SSS  4J0O  4.25  '  JSO  -S5 

Ohino 6  1.25  '         2^  3.75  ^50  .62 


3.25  4.00  '  J50  .57 


I 


>Th6  flret  crop  at  Chlno  is  unlrrigated. 

Four  crops  and  sometimes  a  light  or  partial  fifth  crop  of  alfalfa  are 
cut  per  annum  in  Victor  Valley.  If  .5  foot  in  depth  of  water  be  applied 
to  produce  each  crop  the  total  amount  that  would  be  required  is  2  or  2.5 
acre  feet  per  acre. 

Apple  and  pear  orchards  in  Victor  Valley  have  generally  been  irri- 
gated four  times  per  annum,  the  first  being  in  April  or  May  and  the 
last  in  October.  In  some  cases  a  fifth  irrigation  has  been  given  in 
November.  Most  of  the  orchards  appear  to  have  had  insufficient  water 
and  it  is  probable  that  under  an  efficient  irrigation  system  the  practice 
would  be  to  give  five  irrigations,  unless  rain  is  plentiful  in  the  first  half 
of  the  winter. 

In  order  to  arrive  at  a  proper  duty  of  water  for  deciduous  fniitB 
data  were  obtained  on  the  use  of  water  on  all  orchards  in  Victor  Valley 
where  the  amount  applied  was  measured  or  where  records  of  value  were 
kept.  Data  were  also  secured  on  orchards  in  other  sections  of  southern 
California  where  somewhat  similar  conditions  obtain.  The  elevation 
and  climate  of  the  settlements  on  the  north  side  of  the  Sierra  Madre 
range,  including  Victor  Valley,  closely  resemble.  Some  of  those  on  the 
south  side  differ  more  from  Victor  Valley  in  certain  respects  as  with 
reference  to  precipitation  at  Beaumont  and  Yucaipa  and  to  plentiful 
water  supply  at  Banning,  but  they  are  in  general  comparable.  Other 
things  being  equal,  records  from  Victor  Valley  should  be  given  more 
weight  than  records  from  other  sections,  and  data  on  mature  orchards 
more  truly  indicate  the  amount  of  water  that  would  eventually  be 
required  on  the  mesa,  but,  unfortunately,  there  are  as  yet  only  a  few 
producing  orchards  in  Victor  Valley,  so  that  the  records  from  the 
greater  number  of  older  orchards  in  the  other  deciduous  fruit  sections 
must  be  relied  upon  to  a  large  extent. 
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The  results  for  each  of  the  localitieB  investigated  are  giTeo  in  the 
f oUowing  tables.  The  arerage  duty  of  water  in  aere-feet  per  a<»re  for 
each  locality  is  determined  from  the  total  number  of  aeres  and  the  total 
amount  of  water  applied,  thereby  criving  weight  according  to  acreage  in 
making  the  average. 

TABLE  N«.  10. 
Mojavc  Riv«r  Bottom. 


Duty  of  Water  for  Deciduous  Orchards.    Mojave  River  Bottom* 


KladoCoKlMnl 


tmct 


AcfW 


Ami 


Apples 20 

Pears I 

Totals  and  average 


15 
6 


21 


8&25 
11.88 

50J8 


Aon  tat 


1.96 
3^ 


East  Mesa. 


Klod  of  oidisid 


At*  of 


i 


Acrat 


3  Apples - 12 

4  Apples 8 

5  Apples  and  pears 3-6 

6  Apples  and  pears 4 

7  1  Apples  and  pears 4 

8  Apples  and  pears 1-2 

9  1  Apples  and  pears 1-2 

10  .  Apples  and  cherries 8 

Totals  and  average , 


510 


Acre 

AemfMC 

• 

ftat 

PWMTV 

80 

171.60 

5.72 

140 

61.60 

.44 

75 

62.25 

.88 

75 

128.75 

1.65 

40 

28.00 

.70 

54 

71.80 

1.38 

40 

80.60 

.w 

56 

89.76 

.71 

606.88 


1.17 


West  Mesa. 


11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 


Kind  of  ondurd 


of 


Apples 

Apples 

Apples 

Apples 

Apples 

Apples 

Apples 

Apples  and  pears. 

Apples 

Apples 

Pears 


■"1" 


20 

20 

20 

20 

20 

4 

1^ 

8 

4 

2 

8 


Aeras 


10 
8 
12 
20 
20 
80 
10 
55 
40 
20 
40 


Aon 
foot 


8.10 

2.88 

12.36 

18.20 

29.80 

6.90 

2.00 

28.60 

8.80 

4.40 

8J0 


AerttMi 
pot  Mr* 


Totals  and  average. 


265        180.84 


.HI 

»4l6 

1.03 
.91 

1.49 
.28 
.20 
.62 
.22 
.22 
.22 

^9 
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Num- 


tnct 


22 
23 
24 


Lucerne  Valley. 


Kind  of  ordMnl 


Ace  of 


Apples — 

Apples  and  pears 

Pears 

Totals  and  average 


8 

3 
2 


8 
20 

40 


68 


Acre 
f«et 


2.48 
1&60 
40.80 


9.88 


Atntma 


J8l 


JBS 


Yucalpa. 


Num- 
ber 
of 

tract 

Kind  of  ordimrd 

Ago  of 

treee 

Acres 

Acre 
feet 

Acxefeel 
p«aen 

25 
26 

27 

I  Peaches  

,  Apples    — 

•  Apples ^-. 

10 

&-12 

4 

4-20 

6 

3 
10 
20 

17.84 
8.67 
3.60 

85.60 

28 

Apples,  cherries,  pears 

1.78 

Totals  and  average 

89 

ffiK21 

1^ 

San  Timeteo  Canyon. 


Num- 
ber 
of 

tract 

Kind  of  orchard 

Ace  of 
trees 

Acres 

1 

Acre 
feet 

Acre  feet 
peracra 

29 
30 

Peaches  . 

Apricots  

6 

20 

20 

15 

7.20 
7.20 

.86 

.48 

Totals  and  average 

» 

14.40 

•*l 

1 

Perria  Val 

ley. 

Num- 
ber 
of 

irRrt 

Kind  of  orchard 

Ace  of 
trees 

Acres 

Acre 
feet 

Acre  net 

petaoe 

♦ 

31 

Apricots    

1 

3 
1 

10 
10 
10 

4.20 
6.80 
9.40 

.42 

32 

Apricots - - 

.68 

33 

Apricots   _> 

J^ 

Totals  and  average 

80' 

t 
\ 
1 

20.40 

.68 

• 
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Beaumont. 


of 
tract 


34 
35 
36 
37 
38 
39 
40 
41 
42 
48 
44 
45 


Kind  of  oxebAid 


Apples - — — 

Apples 

Apples,  peaches,  pears 

Apples - 

Apples,  pears,  cherries 

Apples 

Apples  and  cherries.- 

Oherries,  pears,  apples,  peaches 

Apples 

Apples  — 

Apples,  pears,  peaches,  cherries 

Apples 

Totals  and  average — 


Ago  of 


4-7 
3-6 
5-8 
5 
5 
7 
5 
5 
5 
5 
7 
3 


Acras 


I 


100 
10 
8 
5 
5 
5 
11 
5 
5 
5 
5 
8 


Acre 
feet 


65^ 


42.00 
8.60 
2.88 
2.40 
1.20 
1.80 
2.42 
1.20 
1.80 
1.80 
.85 
8.60 


Acre  feet 
per  ftcre 


.42 
.36 
.86 
.48 
.24 
.96 
.22 
.24 
.36 
.36 
.17 
.45 


.38 


Banning. 


46 

47 
48 
49 
50 
51 
52 
52 


Apricots  and  almonds. 

Apricots,  peaches,  almonds 

Apricots  and  peaches 

Apricots,  peaches,  almonds 

Apricots 

Apricots  — 

Peaches,  prunes,  apricots,  almonds. 
Peaches  and  almonds 


8 

6-9 

5 

20 

15 

8-20 


Totals  and  average. 


15 
20 
15 
20 
8 
10 
10 
40 


16.05 
81.80 
29.70 
12.00 
19.68 
19.80 
23.80 
96.20 


138  >      248.03 


1.07 
1.59 
1.96 
.60 
2.46 
1.96 
2.38 
2.38 


1.80 


Summary. 


Loealttj 


Number  of 
orchardB 


Mojave  River  bottom 

East  Mesa 

West  Mesa 

Lneerne  Valley 

Tncaipa  - 

San  Timeteo  Oanyon 

Penis  Valley  

Beaumont  

Banning 


Totals  and  average. 


Total 

ftCIM 


ToUl 
terefeet 


60.18 

130.84 
60J8 
65.21 
14.40 
20.40 
65.55 

248.08 

1,28180 


Acre  feet 
perMre 


2M 

1.17 
.49 
J8 

1.67 
.41 


.38 
1.80 


.96 
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The  average  amount  of  water  applied  to  the  53  orchards  representing 
a  combined  area  of  1,278  acres  giving  proper  weight  to  the  area  of  each 
orchard  is  .98  acre-foot  per  acre.  This  summary  includes  orchards  of 
all  ages.  The  results  when  segregated  for  trees  under  5  years  of  age 
and  over  5  years  of  age  are  shown  by  Tables  No.  11  and  No.  12. 

TABLE  No.  11. 
Summary  for  Orchards  Under  Five  Years  of  Age. 


LoMlity 


Mojave  River  bottom ^..^^ 

East  Mesa . 

West  Mesa 

Lucerne  Valley 

Tucaipa , 

San  Timeteo  Oanyon 

Ferris  Valley 

Beamnont  

Banning  

Totals  and  average 


MnmberoT 

TOUI 
tons 

'       TMal 
•era  feet 

AerafMC 
per  sen 

• — 

1 
7 
6 
3 

1 

I 

2 
0 

« 

480 

196 

68 

10 

0 

ao 

18 
0 

11J» 

426.76 
S»Si 

3j60 

0 

TOM 

7.20 
0 

US 

.88 

-51 



.88 
36 

"  ~"  *"" —»»  • 

.08 



.40 

28 

807 

580.22 

.78 

• 

TABLE  No.  12. 
Summary  for  Orchards  Over  Ffve  Years  of  Age. 


LMtUl7 


Mojave  River  bottom.. 

East  Mesa 

West  Mesa 

Lucerne  Valley 

Tucaipa 

San  Timeteo  Canyon... 

Perrls  Valley 

Beaumont  .... 

Banning  .— 


Totals  and  averages. 


Nnmberor 

Total 

ItoUl 

AerafeK 

orcbanlfl 

acres 

•en  feet    1 

per  »CT« 

1 

15 

8a25 

%a 

1 

80 

i7Leo; 

&.73 

1             5 

70 

71.34 

1X2 

0 

0 

0  1 

8 

20 

6L61 

2J2 

2 

35 

14.40  ' 

.41 

0 

0 

0  . 

10 

154 

58^ 

J» 

8 

188 

248.08  > 

IJBO 

80 

471 

ODviw 

1.41 

The  average  used  on  23  orchards  representing  807  acres  of  trees 
under  5  years  is  .73  acre-foot  i)er  acre  and  the  average  for  30  orchards 
representing  471  acres  in  trees  over  5  years  is  1.41  acre-feet  per  acre. 
This  latter  group  includes  an  orchard  in  the  river  bottom  at  Oro  Grande, 
tract  No.  1,  and  the  Victor  Ranch  on  the  first  bench,  tract  No.  3,  which 
are  not  representative  of  conditions  on  the  mesas  and  for  which  the 
duty  of  water  is  excessively  low.  Eliminating  these  the  average  for  the 
orchards  over  5  years  of  age  with  a  combined  area  of  426  acres  is  1.07 
acre-feet  per  acre.  Most  of  the  orchards  in  Victor  Valley  appear  to 
have  had  insufficient  water  for  vigorous  growth  and  production. 
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The  results  for  the  individually  owned  orchards  are  supplemented  by 
figures  on  the  gross  duty  of  water  for  the  areas  served  by  several  irriga- 
tion systems  delivering  water  principally  for  deciduous  fruit  trees  as 
given  by  Table  No.  13.  The  figures,  except  for  the  Banning  Water 
Company,  are  from  measurements.  The  duty  for  the  Beaumont  Land 
and  Water  Company  is  for  1913  and  that  for  the  Lake  Hemet  Water 
Company  is  an  average  of  several  seasons.  The  duty  for  the  other 
systems  is  for  1916. 

TABLE  No.  13. 
Duty  of  Water  for  Deciduous  Orchards  Under  Irrioation  Systems. 


T 


Irrigation  if  8t«iu 


Klndof  treM 


Acres 


Yueaipa  Water  Co.  No.  1 

Beaumont  Land  &  Water  Co.. 

Banning  Water  Co 

Lake  Hemet  Water  Co 

Palmdale  Water  Co. 

Little  Rock  Creek  Irrl.  Dlst... 


Apples,  cherries,  etc 20S1     IJSO      .58  I    2.06 


I 


Miscellaneous  decidaous    1065 
Miscellaneous  deciduous  |  2700 

Deciduous  and  citrus 5600 

Pears  ,    200 

Pears  I  1500 


1.66 

1.10 

1.00 

.50 

.60 


Average 


J. 


.12 

1.47 

1.10 

.75 

.85 

.80 


1.78 
2.57 
2.10 
1.25 
1.45 


1.86 


The  Yueaipa  Company  delivers  to  orchards  of  all  ages  and  the  water 
supply  has  been  adequate.  Although  the  precipitation  at  Beaumont  is 
high  the  amount  given  for  the  system  is  considered  insufficient  for  tiie 
locality.  The  duty  for  the  Banning  Company  is  based  on  the  amount 
of  water  available  for  use,  11  second-feet,  for  six  months.  The  amount 
actually  used  may  have  been  less.  This  company  has  a  plentiful  supply 
and  it  is  probable  that  more  water  is  used  than  is  necessary.  Most  of 
the  Hemet  orchards  are  decidous  but  some  are  in  citrus  fruits.  The 
trees  at  Palmdale  are  young  and  more  water  should  be  used  when  they 
become  mature.  Only  about  200  acres  of  the  total  area  given  for  the 
Little  Bock  district  were  of  full  bearing  age  in  1916  and  the  amount 
used  in  this  district  should  increase  in  the  future. 

The  average  amount  of  water  applied  under  these  irrigation  ayetema 
is  .80  acre-foot  per  acre  and  the  average  total,  including  rainfall,  is 
1.86  acre-feet  per  acre.  To  give  the  equivalent  of  this  latter  amount  in 
Victor  Valley  it  would  be  necessary  to  apply  1.36  feet  of  irrigation 
water  assuming  an  average  rainfall  of  .5  foot  per  annum. 

The  only  records  of  rainfall  on  the  east  mesa  are  for  such  short 
periods  as  to  be  of  little  value  for  comparison.  However,  it  is  believed 
that  the  east  mesa,  being  on  the  average  about  200  feet  lower  than  the 
west  mesa,  has  less  rainfall  and  that  the  amount  of  water  should  be  from 
10  to  20  per  cent  greater  than  for  the  west  mesa.  It  ia  recommended 
that  the  duty  of  wat<T  be  estimated  at  1.25  acre-feet  per  acre  for  the 
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west  mesa  and  1.50  acre-feet  per  acre  for  the  east  mesa.  No  allowance 
18  made  for  loss  in  distribution,  but  neither  is  any  account  taken  of  the 
land  that  would  be  devoted  to  buildings  and  which  would  not  reqxdre 
irrigation. 

One  miner's  inch  flowing  continuously  for  a  season  of  200  days  is 
equiyalent  to  a  depth  of  1.25  feet  on  6.40  acres,  and  a  depth  of  1.50 
feet  on  5.33  acres. 

WATER  RIGHTS. 

The  first  irrigation  ditches  on  Mojave  River  were  constructed  in  the 
early  seventies  below  and  near  the  Lower  Narrows.  In  a  few  years 
others  were  constructed  on  the  West  Pork  and  near  the  Upper  Narrows. 
It  appears  that  the  early  irrigators  relied  mainly  on  the  use  of  the 
water  to  establish  their  priorities  and  for  some  of  the  ditches  did  not 
accompany  their  appropriations  with  the  formality  of  filing  until  after 
the  ditches  had  been  used,  while  for  other  ditches  they  never  filed.  On 
the  other  hand,  as  with  most  streams  of  the  arid  country,  many  claims 
have  been  recorded  which  did  not  materialize  by  the  construction  of 
ditches  and  use  of  water.  It  is  estimated  from  a  review  of  the  county 
water  records  that  several  hundred  such  filings  have  been  made  on  the 
Mojave.  Probably  the  one  of  most  liberal  conception  was  a  promoter's 
claim  for  1,000,000  miner's  inches  to  be  diverted  from  the  river  near 
Hicks  by  a  canal  to  be  400  feet  wide  on  top,  250  feet  wide  on  the  bottom, 
10  feet  deep,  and  to  have  a  grade  of  3  feet  per  mile,  for  irrigating  10 
townships  (230,400  acres)  of  land  below  Daggett. 

The  earliest  claim  recorded  is  dated  April  21,  1861,  and  is  for  the 
entire  river  down  to  bedrock  for  3  miles  near  the  mill-site  at  Flat  Salt 
Springs.  This  and  other  claims  filed  in  the  sixties  were  for  mining 
purposes.  The  first  recorded  claim  for  an  irrigation  ditch  that  was 
constructed  and  used  was  for  the  Lane  &  Riley  Ditch  in  1872.  Next 
came  the  Houlton  filing  on  the  West  Fork  and  the  Pearl  filing  on  the 
main  river  in  1873.  These  are  followed  by  the  filing  for  the  Rogers 
Ditch  in  1876.  The  filings  for  most  of  the  other  ditches  so  located  as  to 
have  a  sufiicient  supply  of  water  every  year  had  been  made  by  1885. 

Table  No.  14  associates  the  filings  as  identified  from  the  records  and 
other  essential  data  with  the  original  and  present  names  of  the  ditches, 
the  list  being  in  order  of  location  downstream.  Several  of  the  older 
ditches  were  abandoned,  in  some  eases  the  water  right  being  exercised 
through  other  ditches.  Others  have  been  changed  as  to  location  of 
intake  with  the  shifting  of  the  river  channel  and  a  few  have  been 
relocated  throughout. 
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Under  an  act  of  the  legislature  of  1864  and  applying  to  San  Bernar- 
dino County  only,  the  county  maintained  a  board  of  water  commis- 
sioners for  a  number  of  years  to  administer  the  waters  of  the  streams, 
an  institution  fashioned  after  that  of  the  early  Mormon  communities 
in  Utah.  The  commissioners  were  to  ** locate''  ditches  and  to  apportion 
the  water  in  them  annually.  They  annually  selected  a  water  master 
for  each  ditch  to  make  the  apportionment  and  the  reports  of  the  water 
masters  to  the  board  are  a  matter  of  record.  The  main  activities  of 
the  commissioners  related  to  the  more  populous  settlements  on  the 
Santa  Ana  River  and  tributaries,  but  in  1879,  acting  on  petition  of 
residents,  they  gave  attention  to  irrigation  on  Mojave  River.  On 
January  15th  of  that  year  they  met  on  the  banks  of  the  river  and 
located  six  ditches  near  the  Lower  Narrows,  assigning  to  them  names  and 
numbers  and  alloting  to  them  amounts  as  shown  by  the  table.  The  basis 
of  the  numbering  is  not  made  clear  and  the  order  is  probably  arbitrary. 
The  numbers  are  not  according  to  location  and  they  are  not  understood 
to  represent  priorities.  Several  other  ditches  were  in  use  on  other  parti} 
of  the  river  at  this  time. 
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TABLE 
Data  on  Dftchaa 


Original  or  former 
name  of  ditch 


AHoftmant  ty  county 
water  eommiraloiMn 


r 


Date 


30 
<»  c 

13 


F 


Claim  of  appiopiiatlon 


Claimants 


DaU 


BS.B 
r  •& 


Upper  West  Fork. 
Lower  West  Fork. 


Grass  Valley  Creek. . .1 

Laos: 


Hesperia  .. 
East  Fork 
Laui^hlin    . 


Cole  . 
Cory 


Garden 

Upper  Brown 


Lower  Brown 
Rogens , 


AUIson 


Atwood  — 
Mm  


Hulday  Pearl 

Foot©  

Pioneer 


Wild  Goose 


jAmos  Houlton  . 

(O.  A.  Borcham 

)J.  F.  HouffbtoD 

/C.  A.  Burebam 


May  80.  TS 
Jan.  27,  *8S 
Jan.  9. '82 
Jan.  16,*9e 


0.  A.  Burcham 

Wm.  B«  Lanff 

Hesperia  Land  * 

Water  Co. 
O.  A.  Burcham ,  June  27,  '83 


Jan.  6,*86 
Mar.  16,  'U 
Aog.  18,  *85 


Sanfonl  O.  Lauirhlln.   Jan.    2,*W 


A.  W.  Cole 

E.  L.  Horton  and  J. 

O.  Cory. 

H.  G.  Garden 

Jaa.  Waters  Jr.  and 

Jas.  Brown. 

John  Brown 

Samuel    Rogers    and 

Wm.  Boas. 
A.  J.  Spencer 


2  Jan.  15,  *79  100 
4  Jan.  15,  '79  ,  GOO 
1     Jnn.  16,  '79  '    800 


0  ,  Jan.  15,  '79      800 


A.  H.  PearL 


Lane  &  Riley 

Snodderly   ic  Decrow 


8     Jan.  15,  *70 
5    Jan.  15,  '79 


100 


BledHoe  &  Robinson. 


McNew 

Boren  &  Schnddewldt. 


Wilson  .-. 
Hartman  . 
Swartbout 


Richardson  

Decrow  &  Scoble.. 


Anchlniachie 
Cobb  


Stonical . 
Harland 

Minneola 

Elmholt 


Hallock,    C  o  n  g  a  r,  | 

Clancey  and  Gokls-  ' 

worthy. 

Huklay  Pearl ' 

Geo.  E.  Foote 

Atkinson,    Lane,  , 

Swartbout  and  1 

Bemis. 
Riley,  D  e  e  r  o  w  and  < 

Snodderly.  I 


(No  filing) 
Feb.  20^  •07 

May    7,  *07 
Oct.  88, '82 

(No  flUng) 
Jan.  81,  *76 

Jan.  10. '80 

(No  flliog) 
Get.   15,  *80 


(No  filing) 
(No  filing) 
April  17,  '85 


1,000 

600 
1,000 


1.000 

7,000 


800 


(No  filing)   


A.  H.  PearL July  25, '78  1 


A.  G.  Lane 

£.  Snodderly  and  Geo. 

Decrow. 
J.  B.  Bledsoe  and  J. 

D.  Clark. 
Bledsoe,  Clark,  Rob- 
inson and  Boren. 

Francis  A.  Haws 

Jerry  McNew 

M.  J.  Tlney  and  F.  S. 

Sehneidewidt. 

J.  A.  Wilson 

H.  Hartman 

G.  M.  Swartbout  and 

J.  T.  Bennette. 
Richardson  and  Tal- 

madge. 
Dnrell,    Decrow    and  ' 

Scoble. 

J.  T.  Ancfainfachle | 

Chapman,  Gobb  and 

Gbilson. 


R.   A.    Harland   and 

D.  T.  Chitoon. 
Wm.  Deterle 


Mojave   BlYer   Land 
and  Water  Oo. 


Oct.  22,  T2 
(No  filing) 

April  SO,  '83 

Oct.     6,  '83 

Dec.  15,*83 
(No  filing) 
Jan.  S0,*95 

Oct.  IS,*©© 
Dee.  23, '81 
Dec.  18, '07 

Jan.  16,  *«« 

Oct.  28,  "OO 

Aug.  as,  '06 
Oct,   17,  "07 

(No  fiUng) 
Mar.  22.  *15 

Sept.  28,  ^96 

Sept.  27,  '10 


whole] 

river  \ 
40n] 


1 


eno, 

«X)j 

500 

1,000 
800 

1.000 

1,SQ0 

600 

4V000 

aoo' 

100,000 

90,000 
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No.  14 
in  VIctdr  Valtoy 


Pmrat  ownMBlitp 


T 


1 

NUM 

amtarwhUi 

dMlMd 

Date 

Amnunt 
miner's 
Inch. 

gpMl^^««^«W  WM   ^MB» 

_ ~..- 

^mmm^'m 

Name  of  dttch 


NUDM  of  ownect 


Romaiks 


Boffen 


Dec.  24,  *ffi      800 


Meyer  

Banlfi  A 
I/ane. 


'  May  18,  'W  I    116 
May  18,  '97      230 


Los  Florefl  No.  U. 

Lot  Tlorps  No.  2.. 

Loa  Flores  No.  8.. 

Lang 

Heeperla 

Lower  Deep  Creek 

Langhlln 


Cole  . 
Lewis 


Garden 

Upper  Verde 


Lower  Verde 
Rogers 


DriiCoU 


Victor  C.  Smith.. 

Victor  C.  Smith-. 

Victor  a  Smith.. 

Wm.  B.  Lang 

Appleton  L.,  W. 

A  P.  Co. 
Appleton  lu,  W. 

A  P.  Co. 
LaughlinALaul- 

ler. 

A.  W.  Cole 

C.  O.  Lewis  and 

I.  B.  MiUer. 
H.  O.  Garden. 
Bancbo  Verde  Co 


Bancbo  Verde  Co 
Helra  of  Samuel 

Rogers. 
Victor  O.  Smith- 


:') 


200 


60 
310 


06 

80 
40 

76 

400 

90 

76 


Bennetto 
Pioneer  .. 


J.  T.  Bennette ; 

Victor  C.  Smith-! 


60 


Hesperia  L.  *  W.  Oo. 

vs.  Rogers. 
Allison   and   Atwood 

combined.    For  ore 

mill. 
Abandoned. 


Abandoned. 
Bledsoe   TS.   Decrow. 
110    Bledsoe   vs.    Decrow. 
Combined,  1879. 


Deerow  A       i  May  18.  '07      400 
Van  Horn.  \ 


'  Downey  A  Robin- 
son. 


Decrow  >. 


Victor  O.  Smith. 


Victor  G.  Smitb. 


80 


■  Combined.  Water 
used  through  Pio- 
neer 1916-7. 

'  Bledsoe  vs.  Decrow. 


Blediioe  A 
Robinson. 


May  18.  '(^  '    000 


Hawfi    A    Robin- 
ton. 


McNew  

Schneider  id  t 


I  Ingrabam  . 

,Hartman  . 

Bwarthout 


RIchardKon 

Decrow  A  Hcoblo. 
McLean  _ 


Stonical 
Harland 

Daggett 

1  Yermo  -  - 


itor  O.  Smith,  il 
'.  H.  Robinson,  >  \ 
.  HuerUclr.       ij 


Victor 
W 
P 


Carl  McNew 

F.  8chneidcwidt.-| 

W.  W.  Ingrsham. 
Victor  C.  Smitb- 
Gcorge  M.  Swarth- ' 
out.  ' 
Richardson..: 


300 


60 
26 

80 

80 
40 

80 


Bledioe  vs.  Decrow. 


Area  efttlraated. 


I 


Decrow,  Diirell  ft  ,    20O  | 

Scoblo. 
McLean !     80 


Stonical 

R  A.  Harland 

B.  A.  Funk  and 
T.  8.  Vandyke. 

Y  e  r  m  o  Mutual 
Water  Co. 


20 
20 

250 

200 


iArea  estimated. 
Abandoned. 

Area  estimated. 
I  Area  estimated. 


Water  pumped  from 
weQs. 
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On  January  27,  1879,  also  on  January  23,  1880,  water  masten 
appointed  for  these  ditches  for  the  seasons.  The  report  of  W.  H. 
Robinson,  water  master  on  the  Pioneer  Ditch  (No.  1),  dated  March  5, 
1879,  is  the  only  one  recorded.  It  shows  the  water  in  the  ditch  to  have 
been  apportioned  by  rotation  among  seven  users,  a  complete  round  beiiig 
made  every  15  days  and  7  hours. 

Of  the  ditches  located  in  1879  only  one,  the  Lane  &  Biley  (No.  3), 
had  a  filing.  Aften^ards  in  1885  several  landowners  filed  on  wat^  to 
be  used  through  the  Pioneer  Ditch  (No.  1).  This  ditch  and  the  Poote 
(No.  4),  later  the  Meyer  and  now  the  Bennette,  and  the  Snodderly  A 
Decrow  (No.  5)  are  still  in  use.  The  latter  two  were  at  first  on  the  west 
side  of  the  river  but  were  moved  to  the  east  side  following  a  change  in 
the  river's  course  in  1884.  The  Hulday  Pearl  Ditch  (No.  2)  which  waa 
later  abandoned  is  not  to  be  confused  with  the  A.  H.  Pearl  Diteh  which 
was  combined  with  the  Lane  &  Riley  into  the  Downey  &  Robinson  Ditch 
of  the  present  time.  The  Wild  Ooose  (No.  6)  was  combined  with  the 
Pioneer  (No.  1)  October  24,  1879,  the  contract  signed  by  the  seven 
water  users  concerned  and  recorded  providing  that  the  owners  of  Ditch 
No.  1  **  agree  to  make  Ditch  No.  1  as  many  rods  long  as  Ditch  No.  6 
now  is."    A  further  memorandum  is  attached  to  the  record  of  these 

transactions  stating  that,  ** sells  his  right  in  Pioneer 

Ditch  (No.  1)  to for  500  pounds  of  com,  $5.35  and 

25  days  work  on  the  ditch. ' '  Another  agreement  dated  January  7, 1889, 
provided  that  eight  users  under  the  Pioneer  Ditch  give  to  three  land- 
owners a  one-fifth  interest  in  the  ditch  for  a  right  of  way  through  their 
lands. 

The  original  Houlton  Ditch  on  the  West  Fork  is  said  to  have  been 
abandoned  and  to  have  been  in  a  different  location  from  any  of  the 
ditches  used  at  a  later  time  for  the  Burcham  Ranch,  now  Rancho  Las 
Flores.  The  relation  of  the  present  West  Pork  ditches  to  the  Houlton 
filing  would  be  affected  not  so  much  by  a  change  in  location  as  by  any 
lapse  of  use  for  5  years  or  more  that  may  have  occurred. 

From  the  best  evidence  available  the  original  Brown  Ditch,  con- 
structed about  1873,  was  the  lower  of  the  two  now  on  Rancho  Verde. 
The  only  filing  by  any  of  the  original  or  subsequent  owners  of  the 
Brown  Ranch  is  that  of  Waters  and  Brown  in  1882,  which  is  believed  to 
have  been  for  the  second  and  Upper  Brown  Ditch. 

The  Allison  and  the  Atwood  were  combined  as  to  water  right  into  the 
present  DriscoU  Ditch  (Plate  V,  Fig.  2).  The  Mill  Ditch,  used  for  a 
time  for  an  ore  mill  at  Oro  Grande,  was  abandoned  when  the  mill 
ceased  to  operate  and  was  never  used  for  irrigation.  The  Hesperia 
Ditch,  now  owned  by  the  Appleton  Land,  Water  and  Power  Company, 
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is  .the  only  one  diverting  water  away  from  the  lands  in  the  immediate 
river  bottom. 

The  early  settlers  took  advantage  of  the  locations  where  the  surface 
flow  of  the  river  is  constant  and  the  later  appropriators  had  to  depend 
mainly  on  flood  waters.  The  ditches  now  diverting  at  favorable  loca- 
tions are  those  that  were  constructed  prior  to  1886  and  they  include 
the  Las  Flores  No.  1,  Las  Flores  No.  2,  Hesperia,  Lower  Deep  Creek, 
Upper  Verde,  Lower  Verde,  Rogers,  DrisooU,  Bennette,  Pioneer,  Downey 
&  Robinson,  Decrow,  Haws  and  Hartman.  The  others  constructed 
since  1885  are  flood  water  ditches  which  receive  an  adequate  supply  only 
during  the  first  part  of  the  irrigating  season.  Some  of  these  on  the 
lower  part  of  the  river  receive  no  water  in  dry  years.  The  Daggett 
Ditch  diverts  the  underflow  and  the  Termo  Ditch  is  supplied  by  pump- 
ing from  wells. 

The  table  shows  the  claims  for  the  ditches  to  be  ridiculously 
extravagant  in  amount  as  was  usually  the  case  under  the  old  California 
law.  The  filings  are  of  little  significance  except  as  they  may  have  pro- 
tected the  appropriators  for  a  reasonable  time  while  initiating  construc- 
tion and  carrying  it  to  completion  and  except  as  the  appropriations 
may  relate  back  to  the  filings  where  the  construction  was  prosecuted 
diligently.  The  amounts  allotted  to  ditches  by  the  county  water  com- 
missioners in  1879  are  somewhat  more  moderate.  The  rights  of  the 
ditches  if  determined  under  the  present  law  would  be  based  on  beneficial 
use.  No  applications  to  divert  water  from  Mojave  River  have  been 
received  by  the  State  Water  Commission  since  it  has  had  jurisdiction 
over  appropriations  under  the  new  law  effective  January  1,  1914.  One 
filing  for  a  flood  water  ditch  near  Barstow  was  recorded  at  the  county 
seat  in  the  manner  prescribed  by  the  old  law,  since  the  new  has  been  in 
effect. 

No  complete  adjudication  of  rights  on  Mojave  River  has  been  made 
and  the  few  priorities  and  decreed  amounts  are  fixed  only  as  regards 
certain  other  ditches  or  as  regards  certain  users  under  other  ditches 
involved  in  the  litigation.  The  Rogers  Ditch  was  decreed  a  capacity 
of  800  miner's  inches  December  24, 1888,  by  the  Superior  Court  and  the 
judgment  was  affirmed  by  the  Supreme  Court  in  Hesperia  Land  and 
Water  Compa/ny  vs.  Rogers  (83  Cal.  11).  The  amount  is  extremely  lib- 
eral in  consideration  of  the  area  irrigated. 

Bledsoe  et  al.  vs.  Decrow  et  oZ.  (132  Cal.  312)  involved,  on  the  part  of 
the  plaintiffs:  the  Bledsoe,  now  the  Haws  and  Robinson  Ditch,  and  on 
the  part  of  the  defendants :  the  Pioneer,  the  Meyer,  formerly  the  Foote 
and  now  the  Bennette,  and  the  Snodderly  and  Decrow  ditches.  The 
plaintiffs  sought  to  be  adjulged  the  owners  of  600  miner's  inches  inde- 
pendent of  any  rights  of  the  defendants,  but  the  Superior  Court  on 

11—42287 
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May  18, 1879,  found  that  the  defendants  had  prior  rights  as  against  the 
plaintiffs  to  divert  water  at  their  respeetivt*  intakes  as  follo^ws:  Meyer, 
175  miner's  inches ;  Davidson,  Bemis  and  Lane,  users  under  the  Pioneer 
Ditch,  230  miner's  inches;  and  Decrow  and  Van  Horn,  400  mine's 
inches.  The  plaintiff  accepted  the  decree  to  the  defendants  Meyer  but 
asked  for  a  new  trial  as  regards  the  other  defendants  which  was  ordered 
by  the  court  provisional  on  the  parties  being  unable  to  agree  on  certain 
specified  terms  different  from  those  of  the  decree.  The  defendants 
appealed  from  this  order  and  the  Supreme  Court  on  March  22,  1901, 
afSrmed  the  order  for  a  new  trial  but  gave  an  opinion  that  the  lower 
court  should  not  state  the  terms  of  compromise  different  from  the  rii^ts 
found  to  belong  to  the  several  parties.  As  there  is  no  further  record  of 
this  case  it  appears  that  there  was  no  second  trial  or  compromise 
and  that  the  original  decision  stands.  The  plaintifl!s  were  decreed  the 
water  remaining  to  the  extent  of  600  miner's  inches  as  against  the 
defendants  after  satisfying  the  prior  rights  of  the  defendants  but  this 
case  considers  only  a  few  of  the  ditches  on  the  river.  The  rights  of  both 
the  plaintiffs  and  the  defendants  are  now  to  a  large  extent  in  one 
ownership. 

At  a  later  time  several  suits  relating  to  water  rights  were  filed  making 
the  Arrowhead  Reservoir  and  Power  Company,  the  Appleton  Land, 
Water  and  Power  Company,  Rancho  Verde  Company  and  other  riparian 
landowners  parties,  but  no  action  has  been  brought  on  these  and  by  stip- 
ulation of  the  attorneys  no  action  is  to  be  brought  by  either  party  unless 
the  other  be  given  ten  days'  notice. 

Most  of  the  appropriation  rights  for  the  ditches  have  been  used  long 
enough  to  become  prescriptive.  So  far  as  is  known  the  only  lack  of 
continuous  use  in  the  sense  of  using  water  when  needed  for  a  part  of 
each  year,  has  been  confined  to  the  flood  water  ditches  which  can  not 
divert  water  in  seasons  of  deficient  supply. 

Nearly  all.  if  not  all,  of  the  ditch  owners  have  riparian  rights  which 
under  the  old  law  had  preference  over  appropriation  rights  and  were 
not  lost  by  noniise.  Under  the  present  law  all  water  not  beneficially 
used  by  1924  will  then  become  subject  to  appropriation  and  the  prefer- 
ence of  the  riparian  proprietor  is  reduced  to  the  opportunity  to  estab- 
lish his  right  by  using  the  water  on  his  land  before  that  time. 

Owing  to  uncertain  legal  definition  of  riparian  land  it  has  not  been 
considered  advisable  to  undertake  any  exact  determination  of  the  extent 
of  such  lands.  The  estimate  of  the  area  here  given  is  based  on  the 
assumption  that  the  riparian  land  is  limited  to  the  smallest  sub- 
divisions that  have  existed  at  any  time  touching  the  high-water  banks  of 
the  river  and  its  tributaries  and  lying  within  the  drainage. 
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Excepting  the  lands  of  the  Appleton  Land,  Water  and  Power  C!om* 
pany,  probably  few,  if  any,  of  the  original  units  exceeded  320  acres, 
and  some  were  only  160  acres.  Some  of  the  original  tracts  have  been 
subdivided.  Therefore  it  seems  su£Scient  to  assume  as  an  average  that 
the  riparian  land  does  not  extend  back  from  the  river  more  than  one- 
half  mile  on  either  side.  Considering  only  irrigable  land  and  land 
where  the  flow  is  regular  enough  for  crops  to  be  matured,  an  estimate 
of  20,000  acres  of  riparian  land  is  given.  Adding  to  this  another 
20,000  acres  for  the  Appleton  company  lands,  the  total  estimated  area 
of  riparian  lands  that  should  be  taken  account  of  is  about  40,000  acres. 

Table  No.  14  shows  the  area  of  land  claimed  by  the  owners  to  be 
irrigated  under  each  ditch,  the  total  for  all  ditches  being  3,095  acres  of 
which  2,785  acres  are  in  the  river  bottom  and  310  acres  on  the  mesa  at 
Hesperia.  In  addition  to  the  20,000  acres  of  riparian  land  owned  by  the 
Appleton  company  other  large  holdings  are  estimated  not  to  exceed  as 
•  follows:  Victor  C.  Smith  5,300  acres,  of  which  1,500  acres  are  on 
Rancho  Las  Flores,  600  acres  are  between  the  Forks  and  Victorville 
and  3,200  acres  are  below  Victorville;  Rancho  Verde  Company  1,500 
acres;  and  Arrowhead  Reservoir  and  Power  Company  400  acres.  The 
other  riparian  lands  arc  distributed  among  numerous  owners.  The 
Appleton,  Arrowhead  and  Verde  companies  control  about  27.000  acres 
of  the  riparian  land. 

UNDERGROUND  WATERS. 

Victor  Valley  is  part  of  a  great  alluvial  plain  sloping  northward  from 
the  granite  mountains  of  the  Sierra  Madre  Range.  The  swell  of  the 
dd>ris  indicates  that  this  portion  of  the  desert  was  formed  in  previous 
geological  time  by  the  northward  drainage  of  the  San  Gabriel  Mountains 
and  when  much  more  water  flowed  in  this  direction  than  is  now  carried 
by  Sheep  Creek  and  the  other  small  streams  of  the  present.  Oro  Grande 
and  Antelope  washes  appear  to  have  belonged  to  this  older  drainage.  In 
the  earlier  time,  probably  that  portion  of  the  north  slope  of  the  moun- 
tains  now  drained  southward  by  Lytic  and  Lone  Pine  creeks  was 
drained  northward,  the  flow  being  turned  southward  later  by  the  fault- 
ing through  Cajon  Pass. 

The  more  rounded  peaks  and  more  numerous  flats  of  the  San  Bernar- 
dino Mountains  in  contrast  to  the  sharper  outlines  and  deeper  cut 
canyons  resulting  from  long  continued  erosion  of  the  San  Gabriel 
Mountains,  show  the  former  to  have  been  uplifted  in  later  time  than  the 
latter.^  The  great  series  of  faults  running  diagonally  through  the  range 
and  dividing  the  two  groups  of  mountains  occurred  with  this  movement 
in  relatively  recent  geological  time  and  formed  Cajon  Pass.'    Appar- 


^Unlted  States  Geological  Survey,  Water  Supply  Paper  No.  219,  b}'  W.  C.  MandenhaU. 
nJnlted  StateR  Oeolo^cal  Survey,  Bulletin  618. 
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eutly  the  elevation  of  the  San  Bernardino  group  produced  the  drainage 
of  Mojave  River  which  has  eroded  its  channel  across  the  old  aUuvinm 
separating  what  was  formerly  a  continuous  plain  into  the  east  and 
west  mesas. 

Mojave  River  flows  through  a  valley  .5  to  2  miles  wide  and  feom  100 
to  150  feet  deep  between  the  east  and  west  mesas  as  far  as  the  Lower 
Narrows,  and  the  terrace  of  the  mesa  continues  on  the  west  side  of  the 
channel  as  far  as  Hicks. 

The  east  mesa  is  limited  on  the  north  by  mountains  and  buttes  and 
is  open  to  the  east  only  through  the  constricted  pass  between  Granite 
Mountain  and  the  San  Bernardinos.  The  west  mesa  (Plate  VI,  Fig.  1) 
is  of  much  broader  extent  and  is  only  indefinitely  bounded  on  the  north 
by  the  Shadow  Mountains  while  to  the  west  it  continues  as  the  vast  plain 
of  Mojave  Desert  for  many  miles  beyond  Victor  Valley  which  may  be 
considered  as  reaching  only  to  the  San  Bernardino  and  Los  Angeles 
County  line. 

The  west  mesa  slopes  from  an  elevation  of  4,000  feet  near  the  foothiila 
to  2,700  feet  in  a  distance  of  15  miles  out  on  the  plain.  The  slope  is 
about  100  feet  per  mile  west  of  Hesperia  and  it  gradually  becomes 
flatter  towards  the  north.  The  east  mesa  is  in  general  lower  than  the 
west  mesa  and  it  has  much  less  slope. 

The  materials  of  these  mesas,  where  exposed  by  the  banks  of  the 
streams,  are  shown  to  have  the  character  of  rudely  stratified  stream 
detritus.  The  logs  of  wells  show  the  same  materials  to  extend  throng- 
out  the  plain.  Some  of  the  hills  to  the  north  of  Victor  Valley  are  of 
volcanic  origin  and  consist  of  tuff,  rhyolite,  and  lava.^ 

A  survey  was  made  of  the  wells  and  pumping  plants  to  determine 
location,  depth  to  water,  and  the  extent  to  which  pumping  can  be  relied 
upon  for  the  reclamation  of  the  land.  Levels  were  run  to  establish  the 
elevation  of  the  water  in  the  wells  and  for  the  platting  of  hydrographie 
contours  from  which  to  make  deductions  concerning  the  slope  and  direc- 
tion of  movement  of  the  underground  water.  The  elevation  of  the  water 
along  lines  from  east  to  wast  is  in  general  above  the  river  on  the  west 
side  and  nearly  level  with  the  river  on  the  east  side.  The  slope  of  the 
water  is  less  than  that  of  the  land,  the  difference  being  more  marked 
on  the  west,  than  on  the  east  side.  In  the  center  of  the  west  mesa  it  is 
15  feet  per  mile  and  to  the  north  and  northeast.  On  the  east  mesa 
it  is  to  the  north  but  it  becomes  nearly  level  over  a  large  area.  The 
ground  water  east  of  the  river  appears  to  have  much  more  direct  con- 
nection with  the  stream  than  that  on  the  west  side.  On  the  east  the 
main  source  is  the  river  imderfiow  and  but  minor  additions  are  made 
to  the  basin  by  the  foothill  drainage  to  the  southeast.     The  water  is 

'United  States  Geological  Survey,  BuUetln  618. 
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hdd  np  and  forced  to  return  to  the  stream  above  the  Upper  Narrows 
by  the  rocky  barrier  limiting  Apple  Valley  on  the  north.  The  West 
Pork  probably  contributes  to  the  water  in  the  west  mesa  and  apparently 
other  waters  move  through  the  mesa  from  the  foothills  west  of  Cajon 
Pass  in  a  direction  towards  Victorville  and  Oro  Grande.  The  sub- 
terranean basin  in  Mirage  Valley  no  doubt  received  waters  percolating 
from  the  region  of  Sheep  Creek.  The  Shadow  Mountains  and  buttes 
arrest  these  waters  and  divert  them  eastward  or  westward  from  the 
Mirage  dry  lake  or  ''Playa''  (Plate  VI,  Fig.  2). 

Numerous  springs  occur  along  the  west  bank  of  the  river  from  a 
point  2  miles  above,  to  a  point  4.5  miles  below,  the  Upper  Narrows. 
None  are  found  on  the  east  bank.  The  water  seeps  from  the  sandy 
strata  confined  between  alternating  clay  strata.  The  strongest  flowing 
are  situated  at  the  Turner  ranch  below  the  narrows  and  about  midway 
between  Victorville  and  Oro  Grande.  Some  of  the  springs  have  been 
developed  by  tunneling  into  the  sandy  layers  from  which  the  water 
outcrops  and  the  flow  is  used  for  domestic  purposes  and  for  the 
irrigation  of  gardens.  Those  at  the  Turner  ranch  All  a  small  reservoir 
from  which  the  water  is  taken  to  irrigate  a  fleld  of  considerable  size. 
The  several  groups  of  springs  vary  in  elevation  but  40  feet  throughout 
the  6.5  miles  along  the  river  bank  and  their  positions  coincide  with  the 
water  plane  of  the  mesa  as  shown  by  the  wells.  Those  upstream  and 
most  of  those  downstream  from  the  Upper  Narrows  are  above  the  level 
of  the  river  at  that  point  and  those  at  the  Turner  ranch,  3.5  miles  below 
Victorville,  are  but  little  lower  than  those  near  the  town  while  the  river 
falls  67  feet  in  the  same  distance.  The  water  in  the  test  well  just 
northwest  of  the  narrows  stands  8  feet  above  the  water  in  the  river  at 
the  narrows.  This  seems  to  show  that  the  seepage  water  is  not  from  the 
river  immediately  above  the  narrows  but,  if  from  the  river,  rather 
from  some  point  farther  upstream,  or  from  the  West  Pork,  by  an 
indirect  route  through  the  mesa.  Other  observations  indicate  that  the 
river  underflow  does  not  detour  around  the  west  side  of  the  rock  at 
the  Upper  Narrows.  The  artesian  flow  from  the  wells  above  the  nar- 
rows is  confined  to  the  river  bottom  and  it  comes  from  strata  below 
bedrock  in  the  narrows.  The  artesian  head  should  not  be  produced  if 
the  passage  of  the  water  around  the  narrows  were  not  obstructed.  The 
same  conclusion  is  reached  from  the  stream  flow.  The  measurements 
show  a  loss  in  the  West  Fork  from  the  mouth  of  Ilorsethief  Creek  to 
the  Forks,  about  the  same  in  the  main  river  at  the  Forks  and  at  the 
Upper  Narrows  and  a  gain  from  the  upper,  to  the  Lower  Narrows. 

In  the  event  of  water  being  impounded  during  a  part  of  each  season 
by  a  dam  at  the  upper  narrows,  it  is  probable  that  the  head  produced 
by  the  stored  water  would  reverse  the  movement  of  the  seepage  and 
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C8UM  water  to  flow  out  of  instead  of  into  the  basin  above  the  west  aod 
of  the  dam.  It  is  also  possible  that  such  a  reservoir  would  resist  the 
escape  of  seepage  from  the  east  mesa  sufSciently  to  raise  the  level  of  the 
ground  water  and  lessen  the  pumping  lift  for  wells  on  the  First  Beneh 
and  the  western  portion  of  Apple  Valley. 

The  ground  water  on  being  encountered  in  drilling  has  generally  risen 
above  the  first  water  bearing  stratum  in  wells  piercing  more  than  one 
such  stratum.  This  artesian  action  is  understood  to  have  been  as  much 
as  12  feet  in  parts  of  the  east  mesa  and  as  much  as  20  feet  in  parts  of 
the  west  mesa  but  it  has  not  been  sufficient  to  cause  any  wells  outside 
the  river  bottom  to  flow.  The  water  level  is  approximately  shown  by 
the  hydrographic  contours  and  the  depth  to  water  is  represented  by  the 
difl?erence  between  the  topographic  and  hydrographic  contours  on  the 
map.  Theoretically  the  water  level  is  above  the  ground  surface  in  the 
artesian  area. 

Comparison  of  the  elevations  of  the  water  level  in  1917  with  the 
elevation  when  the  wells  were  completed  in  cases  where  the  records  are 
available  from  well  owners  and  drillers  shows  that  the  water  level  has 
receded  throughout  Victor  Valley,  in  most  wells  not  to  exceed  10  feet. 
The  drop  may,  in  part  at  least,  be  attributed  to  recent  dry  years  occur- 
ring in  the  declining  portion  of  the  supposed  cycle  of  precipitation. 
Observations  have  not  covered  a  period  of  long  enough  duration  to 
determine  whether  or  not  pumping  is  depleting  the  underground  basins 
in  excess  of  the  average  annual  contribution  to  them.  The  well  waters 
are  of  good  quality  for  irrigation. 

Pig.  3  shows  diagrams  of  the  logs  of  some  of  the  typical  deeper  wells 
in  the  different  parts  of  Victor  Valley. 

WELLS  AND  PUMPING. 

The  data  obtained  on  wells  is  tabulated  as  an  appendix  to  this  report 
The  information  on  wells  302  to  333  was  furnished  by  the  United  States 
Geological  Survey.  The  numbering  of  the  wells  in  the  table  corresponds 
to  the  numbering  on  the  accompanying  map.  In  some  cases  it  was  not 
practicable  to  obtain  all  of  the  data  to  make  the  table  complete  and  only 
such  information  as  seems  to  be  reasonably  reliable  has  been  included. 
Some  of  the  wells  are  owned  by  nonresidents  who  could  not  be  reached. 
The  depth  to  water  was  measured  wherever  practicable.  In  other  cases 
the  statement  of  the  owner  or  driller  was  taken.  The  date  of  measure- 
ment is  given  only  for  the  wells  in  which  depth  to  water  was  measured 
for  this  investigation.  The  elevations  of  ground  and  water  are  those 
determined  for  the  mapping  of  the  hydrographic  contours.  In  the 
column  showing  kind  of  pumps  the  terms  ''single  deep  well'*  and 
"double  deep  well"  refer  to  the  single  and  double  acting  plunger 
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pumps  of  large  size  developed  in  southern  California  for  irrigating 
plants  with  high  lifts.  These  pumps  have  become  known  commercially 
as  here  designated  and  they  are  distinguished  from  the  smaller  cylinder 
pumps  used  with  windmills  and  domestic  water  plants. 

In  few  cases  only  were  the  plants  in  operation  and  the  dischai^ 
measured  on  being  visited.  Most  of  the  discharges  are  those  claimed  by 
the  owners  or  their  representatives.  Many  have  never  been  measured 
and  they  are  probably  overestimated.  The  miner's  inch  here  used  is 
equal  to  one-fiftieth  part  of  a  second-foot.  Other  columns  in  the  table 
require  no  explanation. 

The  total  number  of  wells  between  the  mountains  on  the  south  and 
the  north  line  of  township  6  on  the  north  and  between  Lucerne  Valley 
on  the  east  and  Los  Angeles  County  line  on  the  west  is  333.  Of  these 
214  are  drilled  and  steel-cased  and  the  remainder  are  dug-shafts.  A 
total  of  125  wells,  the  most  of  which  are  drilled,  are  equipped  with 
pumping  machinery,  the  power  being  gasoline  or  oil  engines  with  but 
four  exceptions,  and  43  wells  are  pumped  with  windmills.  Although 
the  main  transmission  Jine  of  the  Southern  Sierras  Power  Company 
crosses  Victor  Valley,  electric  power  is  not  distributed  generally  to 
pumping  plants.  Thirteen  wells,  all  located  in  the  river  bottom  just 
above  the  Upper  Narrows  on  Raneho  Verde,  flow. 

An  abundance  of  ground  water  and  low  lifts  make  ~pumping  econom- 
ical and  efficient  in  the  river  bottom  and  on  the  first  bench  of  the  east 
mesa.  This  area  embraces  48  pumping  plants,  the  most  of  which  have 
lifts  rangring  from  50  to  100  feet  and  discharges  from  50  to  200  miner's 
inches. 

The  second  or  main  bench  of  the  east  mesa,  including  the  pass  east 
of  Deadman  Point,  has  31  pumping  plants.  The  highest  discharge  for 
any  of  these  is  70  miner's  inches  and  the  most  are  under  50  miner's 
inches.  Excluding  the  plants  in  the  pass  the  lifts  range  from  72  to 
242  feet.  - 

The  west  mesa  includes  40  pumping  plants.  The  lift  at  Hesperia 
is  300  feet  and  at  one  well  on  Baldy  Mesa  it  is  869  f e^  Such  lifts  are 
economi<'ally  prohibitive  for  this  region  and  but  smiall'-streams  of  water 
have  been  pumped  from  these  wells.  The  lifts  are  lower  and  the  wells 
better  near  the  settlement  of  Adelanto  in  Sunrise  Valley  and  still  better 
conditions  for  pumping  are  found  in  Mirage  Valley.  The  depth  to  water 
is  only  about  20  feet  in  wells  near  the  dry  lake  bed  and  some  good 
producing  wells  are  located  there. 

Excluding  the  river  bottom  and  first  bench  and  considering  the  mesa 
lands,  it  appears  that  the  only  sections  in  which  pumping  underground 
water  can  be  relied  upon  as  the  sole  source  of  supply  to  irrigate  large 
solid  areas  are  the  north  central  portion  of  the  east  mesa,  the  lower 
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portion  of  Mirage  Valley  and  possibly  that  in  the  vicinity  of  Adelanto. 
A  great  majority  of  the  west  mesa  and  a  portion  of  the  east  mesa  can 
be  reclaimed  only  by  stream  flood  waters,  stored  and  conveyed  by 
gravity. 

About  one-half  million  dollars  has  been  invested  in  wells  and  pumping 
machinery  in  Victor  Valley.  In  addition  to  the  plants  within  the 
territory  of  the  map,  numerous  others  are  pumping  from  wells  along 
the  lower  part  of  the  river  the  most  being  near  Hicks,  Barstow,  Daggett 
and  Minneola.  The  plain  about  Hinckley,  6  miles  northwest  of  the  river 
between  Hicks  and  Barstow  and  where  the  underground  water  is  no 
doubt  in  part  from  the  river,  is  also  the  scene  of  pumping  activity. 

Included  herewith  are  estimates  of  the  cost  of  pumping  intended  to 
represent  three  sets  of  conditions  found  in  Victor  Valley.  Case  No.  1 
is  for  the  river  bottom  where  the  weUs  are  comparatively  shallow  and 
good  producers,  the  pumping  lifts  low,  the  soil  sandy,  the  crop  alfalfa, 
and  the  amount  of  water  required  high.  Case  No.  2  is  typical  of 
orchard  irrigation  in  portions  of  Apple  Valley.  Here  the  wells  are 
deeper,  the  lifts  greater,  the  discharges  less,  the  soil  tighter  and  the 
duty  of  water  higher.  This  case  would  apply  also  to  a  limited  portion 
of  Mirage  Valley.  Case  No.  3  is  suggested  by  conditions  of  the  west 
mesa,  particularly  those  of  the  central  portion.  Here  the  water  must 
be  used  for  orchards,  sparingly  on  account  of  the  small  streams  pro- 
duced by  the  wells  and  the  expense  of  piimping  against  high  heads. 
Case  No.  4  is  a  duplicate  of  No.  3  except  that  an  electric  motor  is  sub- 
stituted for  the  engine  to  compare  the  cost  of  the  two  modes  of  power. 

Depreciation  is  not  counted  on  well  and  building.  The  percentages 
are  selected  for  the  several  combinations  of  types  of  pumps  and  motive 
power,  considering  the  deep  well  pump  more  durable  than  the  cen- 
trifugal or  the  turbine,  and  the  electric  motor  more  durable  than  the 
gasoline  or  semi-Diesel  engine.  The  plant  efficiency  is  also  a  combina- 
tion of  that  for  the  power  and  the  pump  and  in  fixing  the  percentages, 
preference  is  given  slightly  to  motors  over  engines  and  more  decidedly 
to  deep  well  pumps  over  the  types  with  speedily  moving  parts. 
Although  deep  well  pumps  have  higher  mechanical  efficiency  and  longer 
life  than  centrifugals  and  turbines  they  generally  require  more  expense 
for  repairs  under  which  is  included  the  cost  of  renewing  plunger 
leathers  and  the  pulling  of  the  rods.  The  costs  of  machinery  on  which 
computations  of  fixed  charges  are  based  are  slightly  less  than  those  of 
the  present  time  (1917)  and  they  approximate  the  prices  that  obtained 
in  1915  which  year  is  believed  to  better  represent  the  normal. 
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Cam  No.  1. 

Crop  to  be  irrigated,  alfalfa. 

Depth  of  water  on  land  required,  5  ft.     Amount  of  water  furnished  by  well,  1<M) 
mi.  in.  (3  sec.  ft).     Season,  150  days  (3,000  hrs.). 

Area  plant  will  irrigate  180  acres.     Lift,  50  ft.     Work  done,  17  h.  p. 

Power  required  at  40  per  cent  efficiency,  43  b.  p. 
Cost  of  plant: 

Well,  200  ft.  deep,  drilling  at  $2.00  per  ft $400  00 

Casing,  12  in.,  double  stove  pipe,  12  gage,  180  ft.  at  |2.2& 
per  ft   405  00 

Starter,  20  ft,  3  ply,  and  ring 80  00 

Pit,  6  ft  z  6  ft  X  40  ft.,  redwood  curbing  at  $2.00  per  ft 80  00 

1965  00 

Pump,  7  in.,  single  stage,  vertical,  centrifugal,  wooden  frame,  shafting 

pil)e,  pulley,  installed  complete 1,250  00 

Engine,  oil,  50  h.  p.  freight,  concrete  foundation,  installed  complete 1,850  00 

Belt,  04  ft 85  00 

Building,  10  ft.  x  48  f t  and  derrick 500  00 

Total   $4,050  00 

Cost  of  plant  per  mi.  in.,  $81.00. 
Cost  of  plant  per  acre,  $25.83. 
Cost  of  operation: 

Interest,  $4,650.00  at  6  per  cent $279  00 

Taxes  and  insurance,  $4,650  at  1  per  cent 46  00 

Depreciation  on  machinery,  $3,185  at  12  per  cent 382  20 

$707  70 

Fuel,  40  degree  (Baum4)  oil,  43  h.  p.,  3,600  hrs.,  i  gal.  per  h.  p.  hr., 

19,350  gal.  at  $.07  per  gal.  delivered 1,354  50 

Attendance,  150  days  at  $2.00  per  day 300  00 

Repairs,  lubricating  oil,  etc 50  00 

Total    $2,412  20 

Amount  of  water  pumped,  150  mi.  in.  for  3,600  hrs.,  900  acre  ft. 

Cost  of  water  per  acre  ft.,  $2,68. 

Cost  of  water  per  mi.  in.  per  hr.,  $.004r>. 

Cost  of  water  per  acre  per  annum.  $13.40. 

Case  No.  2. 

Crop  to  be  irrigated,  apples. 

Depth  of  water  on  land  1.5  ft.    Amount  of  water  furnished  by  well,  60  mi.  in. 
(1  sec.  ft).     Season,  150  days  (3600  hrs.). 

Area  plant  will  Irrigate  200  acres.    Lift,  100  ft     Work  done.  11. -1  h.  p. 

Power  required  at  35  per  cent  efficiency,  32.5. 
Cost  of  plant: 

Well,  400  ft.  deep,  drilling  at  $2.00  per  ft $800  00 

Casing,  12  in.  double  stove  pipe,  12  gage,  380  ft.  at  $2^^ 
per  ft  _— 855  00 

Starter.  20  ft,  3  ply,  and  ring 90  00 

$1,745  U> 

Pump,  9^  in.,  8  stage,  turbine,  installed  complete 2,150  00 

Engine,  oil,  35  h.  p.,  freight,  concrete  foundation,  installed  complete 1,400  00 

BeH,  60  ft 70  00 

Building  10  ftx48  ft  and  derrick 500  00 

Total $5,865  00 
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Cost  of  plant  per  mi.  in.,  $117.80. 
Cost  of  plant  per  acre,  $29.32. 
Cost  of  operation: 

Interest,  $5,865  at  6  per  cent - $851  90 

Taxes  and  insurance,  $5,865  at  1  per  cent 58  65 

Depreciation  on  machinery,  $3,620  at  13  per  cent 470  60 

$881  15 

Fuel,  40  degree  (Baurn^)  oil,  32.5  h.  p.,  3,600  hrs.,  i  gal.  per  h.  p.  hr., 

14,625  gal.  at  $.07  per  gaL  delivered 1,023  75 

Attendance,  150  days  at  $2.00  per  day 800  00 

Repairs,  lubricating  oil,  eta 50  00 

Total $2,254  90 

Amount  of  water  pumped,  50  mi.  in.  for  3,600  hrs..  300  acre  ft. 

Cost  of  water  per  acre  ft.,  $7.52. 

Cost  of  water  per  mi.  in.  per  hr.,  $.0125. 

Cost  of  water  per  acre  per  annum,  $11.27. 

Case  No.  3. 

Crop  to  be  irrigated,  apples. 

Depth  of  water  on  land,  1.25  ft     Amount  of  water  furnished  by  well,  25  mi.  in. 
(.5  sec.  ft.).     Season,  150  days  (3,600  hrs.) 

Area  plant  will  irrigate  120  acres.     Lift,  250  ft     Work  done,  14.2  h.  p. 

Power  required  at  50  per  cent  eflSciency,  28.4  h.  p. 
Cost  of  plant  : 

Well,  500  ft  deep,  drilling  at  $2.00  per  ft $1,000  00 

Casing,  12  in.,  double  stove  iMpe,  12  gage,  480  ft.  at  $2.25 
per  ft 1,080  00 

Sterter,  20  ft,  8  ply,  and  ring 90  00 

$2,170  00 

Pump,  double  acting,  deep  well,  plunger,  20  h.  p.  8  in.  cyl.,  56  in. 

double  strdce,  20  strokes  per  min.,  concrete  foundation,  derrick  and  ' 

hoist,  installed  complete 2,400  00 

Engine,  oil,  30  h.  p.,  concrete  foundation,  installed  complete,  including 

freight 14J50  00 

Belt,  60  ft 50  00 

Building,  10  ft  x  48  ft 400  00 

Total $6,270  00 

Cost  of  plant  per  mi.  in.,  $250.80. 
Cost  of  plant  per  acre,  $52.25. 
Cost  of  operation: 

Interest,  $6,270  at  6  per  cent $376  20 

Taxes  and  insurance,  $6,270  at  1  per  cent 62  TO 

Depreciation  on  machinery,  $3,700  at  10  per  cent 370  00 

$808  90 

Fuel,  40  degree  (Baum6)  oil,  28.4  h.  p.,  3,600  hrs.,  k  gal.  per  h.  p.  hr., 

12.780  gal.  at  $.07  per  gal.  delivered 894  60 

Attendance,  150  days  at  $1.50  per  day - 225  00 

Repairs,  lubricating  oil,  etc. 100  00 

Total    .- $2,028  50 

Amount  of  water  pumped,  25  ml.  in.  for  8,600  hrs.,  150  acre  feet 
Cost  of  water  per  acre  foot,  $18^2. 
Cost  of  water  per  mi.  in.  t^t  hr.,  $.0225. 
Cost  of  water  per  acre  per  annum,  $16.90. 
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Case  No.  4. 

Crop  to  be  irrigated,  apples. 

Depth  of  water  on  land  1.25  ft    Amount  of  water  furnished  by  well,  25  mi.  in. 
(.5  sec  ft).    Season,  150 -days  (8,000  hrs.). 

Area  plant  will  irrigate,  120  acres.    Lift,  250  ft     Work  dcihe,  14.2  h.  p. 

Power  required  at  55  per  cent  eflSciency,  25.8  b.  p. 
Cost  of  plant: 

Well,  500  ft  deep,  drilling  at  $2.00  per  ft $1,000  00 

Casing,  12  in.,  double  stove  pipe,  12  gage,  480  ft  at  $2.25 
per  ft 1,080  00 

Starter,  20  ft,  8  ply,  and  ring 00  00 

»170  00 

Pump,  double  acting,  deep  well,  plunger,  20  h.  p.,  8  in.  cyl.,  56  in. 

double  stroke,  20  strokes  per  min.,  concrete  foundation,  derrick  and 

hoist  installed  complete • 2,400  00 

Motor,  30  h.  p.,  induction,  550  volt,  00  cycle,  8  phase,  1,800  r.  p.  m., 

concrete  foundation,  installed  complete,  including  freight 520  00 

Belt,  00  ft   - 50  00 

Building,   10  ft  x  48  ft   400  00 

Total    - $5,540  00 

Cost  of  plant  per  mi.  in.,  $221.00. 
Cost  of  plant  per  acre,  $46.18. 
Cost  of  operation: 

Interest  $5,540  at  0  per  cent $332  40 

Taxes  and  insurance,  $5,540  at  1  per  cent 55  40 

Depreciation  on  machinery,  $2>070  at  8  per  cent 237  00 

$625  40 

Electrical  power  19.25  k.w.   (25.8  h.p.)   3,000  hrs.,  69,800  k.w.  hrs., 

at  $.0175  per  k.w.  hr 1,212  75 

Attendance,  150  days  at  $1.00  per  day 150  00 

Repairs  and  lubricating  oil - 75  00 

Total $2,063  15 

Amount  of  water  pumped,  25  mi.  in.  for  3,600  hrs.,  150  acre  ft. 

Ck>st  of  water  per  acre  ft,  $13.74. 

Cost  of  water  per  mi.  in.  per  hr.,  $.0229. 

Cost  of  water  per  acre  per  annum,  $17.19. 

For  orchard  irrigation,  especially  with  expensive  water  as  under  cases  No.  3  and 

No.  4,  it  would  be  economical  and  desirable  to  use  concrete  pipe  underground  to 

convey  and  distribute  the  water  to  the  furrows  and  trees.     Such  a  system  for  a 

10  acre  tract  is  estimated  to  cost  as  follows: 

630  ft.  of  8  in.  concrete  pipe  at  $.18  per  ft  laid $113  40 

21  stands,  30  ft  apart,  with  iron  valves  at  $2.00  each 42  00 

1  gate  basin  with  iron  slide  gate ^        8  00 

$168  40 
Cost  per  acre,  $16.34. 

STREAM  DISCHARGE. 
The  mountain  watershed  of  Mojave  River  has  an  area  of  217  square 
miles  of  which  142  square  miles  are  drained  by  Deep  Creek  or  the  East 
Fork  and  75  square  miles  are  drained  by  the  West  Pork.  The  water- 
shed varies  from  an  elevation  of  8,000  feet  at  its  highest  point  to  3,000 
feet  at  the  Forks  where  the  entire  drainage  is  brought  together  in  the 
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main  river.  The  northern  slopes  (Plate  III,  Pig.  1)  of  the  Sierra 
Madre  Range  receive  less  precipitation  than  the  southern  slopes  but 
they  are  less  steep,  less  subject  to  direct  rays  of  the  sun,  better  timbered 
and  they  hold  the  snows  longer  and  have  slower  runoff  in  proportion  to 
precipitation  than  southern  slopes. 

The  comprehensive  metereological  observations  made  throughout  the 
watershed  by  the  Arrowhead  Reservoir  and  Power  Company  for  over 
20  years  show  the  precipitation  to  vary  from  about  15  inches  at  the 
Forks  to  about  50  inches  near  the  summit,  the  maximum  occurring  in 
the  flats  situated  just  north  of  the  crest  of  the  range,  and  flanked  by 
peaks.  The  precipitation  falls  off  rapidly  towards  the  desert  on  the 
northeast.  The  more  elevated  portions  of  the  watershed  are  in  heavy 
timber  of  pine  and  fir  without  much  undergrowth  and  the  lower 
portions  are  covered  with  thick  brush.  Table  No.  14  shows  the  areas 
drained  by  the  branches  grouped  according  to  the  reservoir  sites  into 
which  they  are  tributary.  The  drainage  of  Deep  Creek  below  the  upper 
storage  works  can  be  made  tributary  to  the  Porks  site  by  diversion. 

TABLE  No.  15. 
Mountain  Drainage  Areas  of  Mojave  River. 


Square 
miles 


S^iara 


Deep  Greek  (East  Fork). 
Above  Little  Bear  Valley  reservoir  and  tunnel- 
Little  Bear  Greek 6^ 

Hooks,  Fern,  Sbake»  Gedar  and  Sheep  creeks 3.61 

Deep  Greek  16.10 

Grab  Greek  8.70 

Holbrook  Greek  and  tributaries 88.76 

Gox  Greek _ 9^ 

Orass  Valley  Greek* 2.72 

Total,  Little  Bear  Valley  reservoir 75J2 

Below  Little  Bear  Valley  reservoir  and  tunnel 65.88 

Total.  Deep  Greek. 141.80 

West  Fork. 
Above  dam  site  Ko.  2— 

East  Fork  ol  West  Fork 18.82 

West  Fork  of  West  Fork ;     11.05 

Between  dam  sites  Nos.  2  and  3 4.95 

Total,  reservoir  sites  No.  2  and  No.  3 34.82 

Below  dam  site  No.  2  and  Grass  Valley  dam  site. [ 89J6 

Total,  West  Fork  (Forks  reservoir  site) 74.78 


Total,  Mojave  River '     216.58 


^Naturally  tributary  to  West  Fork. 
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An  examination  of  the  precipitatiim  records  for  aouthem  Galifomia 
suggests  the  selection  of  a  period  of  about  17  years  as  a  proper  one  on 
which  to  base  the  average  runoff.  Tables  No.  16  to  No.  20  show  the 
precipitation  at  several  stations ;  the  first  for  65  seasons  at  San  Diego, 
the  longest  record  in  southern  California ;  the  next  for  45  seasons  at  San 
Bernardino,  the  second  longest  record,  and  the  others  for  Olen  Ranch, 
Bear  Valley  Dam  and  Gate  House,  the  latter  being  at  Little  Bear  Valley 
Dam,  and  the  only  one  in  the  Mojave  Biver  watershed.  The  table  for 
San  Diego  shows  the  average  for  periods  of  different  lengths  terminating 
with  1914-15,  also  the  ratios  of  these  averages  to  the  average  for  tbe 
longest  period.  It  is  noticed  that  17  seasons  must  be  included  to  obtain 
a  period  terminating  with  1914-15  to  give  an  average  equal  to  the  aver- 
age for  the  longest  period. 

The  tables  for  the  other  stations  show  the  ratios  of  averages  for  the 
different  periods  to  the  average  for  the  longest  period  equated  to  tlie 
longer  65  season  record  at  San  Diego.  The  average  for  the  last  17 
seasons  at  the  several  stations  agree  remarkably  well  and  it  seems  that 
this  represents  a  cycle  from  which  safe  deductions  of  runoff  can  be 
made.  However,  from  a  study  of  the  precipitation  records  of  this 
immediate  late  period  and  from  common  knowledge  of  several  seaaons 
of  low  flood  discharges  about  this  time,  it  seems  advisable,  in  order  to 
consider  the  most  unfavorable  conditions  which  may  arise,  to  extend 
the  period  back  one  additional  season  to  include  the  low  seasonal  dis- 
charge for  1897-98,  making  the  period  18  seasons. 


TABLE  No.  16. 
Precipitation  at  San  Diego. 


Elevation,  9S  feet. 


Beama 


PredidU' 

tUm, 

Inrlwe 


Pttrfod 


AvenffA 

ptodplta- 

ttODfor 

period. 


lUlloto 


Itai 

or 

to  period 


1850-51    '  8.41 

1851-52  i  9.48 

1&52-53  j  11.08 

1853-54    1  9.77 

1854-55  '  18.66 

1855-n56  !  9.89 

1866-57   '  4.76 

1857-58  7M 

1858-59  6.61 

1859-60  6.58 

1860-61   7.90 

1861-62  15.64 

1862-63   1  3.87 

1863-64   '  5.14 

1864-66   ;  8.45 

1865-66  - 12.82 

186^^   '  13.73 


1850-1915 

9.70 

100.00  , 

65 

1861-1915 

9.72 

100.21  ' 

64 

1852-1915 

9.72 

100.21 

€8 

1853-1915 

9.70 

100.00 

m 

1864rl915 

9.70 

100.00 

ei 

1855-1915 

9.64 

99.37 

60 

1856-1915 

963 

99.27 

59 

1857-1915 

9.72 

100.21 

68 

1868-1915 

9.76 

100.62 

57 

1859-1915 

9.81 

101.13 

56 

1860-1915 

9.87 

101,75 

55 

1861-1915 

9.90 

102.06 

54 

1862-1915 

9.80 

101.08 

58 

1863-1916 

9.91 

108.16 

G2 

1864-1915 

10.00 

lOSJOe 

a 

1865-1915 

10.04 

108.51 

50 

1866-1915 

9.96 

102.89 

49 
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TABLE  No.  1»— Continued. 
Pr«olpltatlon  at  San  Dlogo. 


1S67-68  

1888-69  

1889-70  

1870-71  

1871-72  

1872-73  

1873-74  

1874-75 

1875-76  - 

1876-77  

1877-78  

1878-79  _ 

1879-80  

1880-81  

1881-82  

1882-83  

1883-84  

1884-85  

1885-86  

1888-87  

1887-88  

1889-90  - 

1890-91  -— 

1891-92  

1892-93  

1893-94  

1894-96  

1895-96  

1896-97  - 

1897-98  

1898-99  

1899-00  

1900-01  

1901-02  I 

1902-08  

1908^  - 

1904-05  

1906-06  

1906-07  

1907-08  

1908-09  _ 

1909-10  

1910-11  

1911-12  

1912-13  

191^14  

1914-15  


PradplUi* 

tiOD. 

IndM 

Period 

Averam 

predplu- 

tlonfor 

period. 

Inehee 

Ratio  to 

eSeeuoQ 

ofotmge^ 

poroeot 

Number 

of 

ttUffPt 

in 
period 

11.23 

1867-1915 

990 

102.06 

48 

11.68 

1868-1915 

9.87 

101.75 

47 

5.48 

1809-1915 

9.83 

101.84 

46 

5.17 

1870-1915 

9.98 

102.37 

45 

7.18 

1871-1915 

10.04 

lOSJil 

44 

6.50 

1872-1915 

10.11 

104.28 

43 

16.88 

1873-1915 

10.19 

106.06 

42 

5.73 

1874-1915 

10.02 

103.30 

41 

10.11 

1875-1915 

10.14 

104.54 

40 

3.76 

187»-1915 

10.13 

104.48 

38 

16.10 

1877-1915 

10.80 

106.18 

88 

7.88 

1878-1915 

10.15 

104.64 

87 

14.36 

187»-1915 

10.21 

105.25 

36 

9.6S 

1880-1915 

10.09 

104.02 

85 

9.51 

1881-1915 

10.11 

104ii2 

84 

4.92 

1882-1915 

10.12 

104.88 

88 

25.97 

1883-1915 

10.29 

106.08 

82 

a67 

1884-1915 

9.78 

100.82 

81 

16.96 

1885-1915 

9.82 

101.24 

80 

8.82 

1886-1915 

Ul 

98.66 

29 

9.82 

1887-1915 

9.62 

99.17 

28 

11.02 

1888-1915 

9.61 

99.07 

27 

15.02 

1889-1915 

9J55 

98.45 

26 

10.47 

1890-1915 

9.83 

96.18 

25 

8.70 

1891-1915 

9.29 

96u77 

24 

9.26 

1892-1015 

9.81 

96.88 

28 

4.97 

1806-1915 

9.82 

96.08 

22 

11.90 

1894-1915 

9.52 

98.14 

21 

6.21 

1896-1915 

9.40 

96.91 

20 

11.78 

1886-1915 

9JSJ 

98.66 

19 

4.99 

1897-1915 

9.45 

97.42 

18 

5.24 

1888-1915 

9.71 

100.10 

17 

5.97 

1899-1915 

9.99 

102.99 

16 

10.45 

1900-1915 

10.26 

105.77 

15 

6.17 

1901-1915 

10.24 

105.57 

14 

11.76 

1902-1915 

10.56 

108.87 

18 

4.40 

1903-1915 

10.46 

107.83 

12 

14.32 

1904-1915 

11.01 

113.50 

11 

14.68 

1905-1915 

10i)8 

,      110.10 

10 

10.62 

1906-1915 

10i28 

106.46 

9 

8.55 

1907-1915 

10.19 

105.06 

8 

10.23 

1908-1915 

10.42 

107.42 

7 

9.79 

1909-1915 

1045 

107.73 

6 

11.99 

1910-1915 

10.58 

109.07 

5 

10.72 

1911-1915 

10.23 

106.46 

4 

5.97 

'  1912-1915 

10.07 

103.81 

8 

9.83 

1918-1915 

12.12 

124.95 

2 

14.41 

1914-1915 

14.41 

148JU> 

1 
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TABLE  No. 

• 

Precipitation  at  San  1 

17. 

Bernardino. 

Bteratioa.  1,654  feet. 

Beaaoo 

PraeUdU- 

tlon. 

IneliM 

Ptclod 

pradpitei- 
tlon  for 
pelted. 
IneiM 

Ratio  to 
4S8esfloa 
ataraen. 
par  cam 

Ratio  to 
•quatod 
6Sna«m    1 
averate.     | 
porcant     , 

Niambar 
of 

In 

m,mmMn  It 

pmoQ 

1870-71  

1871-72  

13.94 

8.98 
15.10- 
23.81 
13.65 
19.90 

9.52 
20.33 
11.54 
20.36 
13.50 
11.54 

9.17 
37.61 
10.81 
21.93 
14.50 
17.76 
20.97 
25.45 
18.08 
14.35 
19.82 

&13 
20.98 

8.11 
16.74 

8.24 

7.49 

8.64 
17.36 
11.15 
17.42 

9.37 
20.78 
19.88 
23.17 
15.62 
17.36 
15.02 
16.34 
13.84 
11.08 
21.45 
19.64 

1870-1915 
1871-1915 
1872-1915 
1873-1915 
1874-1915 
1875-1915 
1876-1915 
1877-1915 
1878-1915 
1879^1915 
1880-1915 
1881-1915 
1882-1915 
1888-1915 
1884-1915 
1885-1915 
1886-1915 
1887-1915 
1888-1915 
188^1915 
1890-1915 
1891-1915 
1892-1915 
1808-1915 
1894-1915 
1895-1915 
189&-1915 
1897-1915 
1898-1915 
1899-1915 
1900-1915 
1901-1915 
1902-1915 
1908-1915 
1904-1915 
1905-1915 
1906-1915 
1907-1915 
1908-1915 
1909-1915 
1910-1915 
1911-1915 
1912-1915 
1918-1915 
1914-1915 

16.01 
1&05 
16.22 
16.24 
16.06 
16.12 
16.02 
16l19 
16.08 
16.21 
16.09 
16.17 
16.31 
16&S 
15.85 
1&02 
15.82 
15.86 
15.79 
15.68 
15.20 
15.08 
15.11 
14.90 
15.22 
14.94 
15.29 
15.21 
15.62 
16.13 
16.68 
16.58 
ia99 
16.96 
17.65 
17.34 
17j06 
16.29 
16.39 
16.23 
16.47 
16.50 
17.39 
20.55 
19.64 

■ 

lOOXN) 
100.25 
101.31 
101.43 
100.31 
100j69 

ioao6 

101.12 

100.43 

101.24 

100.50 

100.99 

101.87 

108.25 

99.00 

100.06 

98.81 

99.06 

98.62 

97.94 

94.94 

94.19 

94.37 

93.06 

0&06 

98.31 

95.50 

85.03 

97.56 

100.74 

103.87 

103.56 

106.12 

105i» 

110.24 

108.31 

106.56 

101.12 

102.37 

101.37 

102.87 

103.06 

108.62 

128.36 

122.67 

1 

102.37 

102.62  1 

108.71 

103.84  , 

102.69' 

108.07 

102.43 

.       103.52 

102.82 

103.64 

102.88 

108.39 

102.60 

106.69 

101.34  > 

102.63 

1       101.15 

101.41 

100J6 

100j02 

97.19 

96.42 

96.61 

95.27 

97.32  , 

95.52 

97.76 

97iS5  ! 

99.87 

108.13 

106.33 

106.01  < 

108.63 

106w44 

112A'> 

110.87 

109.08 

104.16 

104.80 

108.77 

108J06  , 

1      105.50 

111.19 

131.39 

125.58  1 

1 
1             -   • 

45 
44 

1872-73  

48 

187a-74  

1874-75 

1875-76 

1876-77  — 

1877-78 - 

42 
41 

40 
89 
38 

1878-79 

87 

JS79-80  — 

1880-81 

1881-82 

1882-83 

l«83-84 _ 

1884-85 

1885-86 w 

1886-87 .— : 

1887-88 

86 
35 
34 
38 
32 
31 
80 
29 
28 

1888-89 - 

27 

1889-90  

26 

1890-91 

25 

1891-92  

24 

1892-93 _- 

28 

1898-94 

22 

1894-95  

31 

1895-96 

20 

1896-97  

19 

1897-98  

18 

1898-99  

17 

1899-00 

16 

1900^1 ..__ 

15 

1901-02 

14 

1902-03 

18 

1903-04 .— 

12 

1904-05 

U 

1905-06 

10 

1906-07  

1907-08 

9 

8 

1908-09  

7 

1909-10 

6 

1910-11 - 

5 

1911-12  _ 

4 

1912-13  

8 

1913-14  

2 

1914-15  

1 
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TABLE  No.  18. 
Prtclpltatlon  at  Glen  Ranch,  San  Bernardino  Mountains. 


Elevallon,  8,SM  feet. 


Beaaon 


.PraclplU* 

tloo. 

incbM 


Period 


Averace 

preetpfia* 

tloafor 

period. 

ioebea 


Batioto 

IS  season 

average, 

percent 


Batioto 
eauated 
6S  season 
aTsrage, 
percent 


Number 
oC 


la 
p«lod 


1900-01 29.27 

1901-02 - 15.00 

1902-03  - 29.75 

1903-04 18.53 

1904-06 38.41 

?905-06 37.63 

1906-07 _ 49.69 

1907-08 25.95 

1906-09 _-.  a3.88 

190^10 34.67 

1910-11 45.86 

1911-12 _ 36.45 

1912-13 20.13 

1913-14 53.61 

1914-15 37.63 


,  1900-1915 

33.76 

100.00 

106.38 

15 

1901-1915 

34.06 

100.94 

107.33 

14 

1902-1915 

35.55 

105.30 

111.97 

13 

!  1900-1915 

36.04 

106.75 

113.51 

12 

1904-1915 

37.63 

111.46 

118.51 

11 

'  1905-1915 

37.55 

111.22 

118.26  1 

10 

1  1900-1915 

37.54 

111.19 

118.23  : 

9 

1907-1915 

36.02 

106.69 

113.44 

8 

1908-1915 

37.46 

110.96 

117.98 

7 

1909-1915 

38.06 

112.73 

119.87 

6 

1910-1915 

38.75 

114.78 

122.05 

5 

1911-1915 

36.95 

109.44 

116.87 

4 

.  1912-1915 

37.12 

109.95 

116.91 

3 

!  1913-1915 

45.62 

135.13 

143.68  1 

2 

1914-1915 

37.63 

111.46 

118.51  1 

1 

1 

• 

TABLE  No. 

19. 

Precipitation  at  Bear  Valiey  Dam. 


EleTatlon.  6»800  feet. 


Season 


Predplta- 
tlon. 
Inches 


Period 


Averaiie 

predplta* 

tlon  for 

period. 

Inebes 


Ratio  to 

23  season 

average, 

percent 


Ratio  to 

Number 

equated 

of 

es  season 

eeaaoRs 

aTcrage, 

In 

percent 

period 

1892-93 
188&-94 
1694-05 
1605-96 
1606-97 
1897-08 

1809-00 
1900^1 
1001-02 
1902-06 
1903-04 
1904-05 
1906-<I6 
1905-07 
lfcO7-08 
190ft^ 
1909-10 
1910-11 
1911-12 
1912-13 
1913-14 
1914>15 


44.31 

1892-1915 
1893-1915 
1894-1915 
1895-1915 
1890-1915 
1897-1915 
1898-1915 
1899-1915 
1900-1915 
1901-1915 
1902-1915 
1903-1915 
1904-1915 
1905-1915 
1900-1915 
1907-1915 
1906-1915 
1909-1915 
1910-1915 
1911-1915 
1912-1915 
1913-1915 
1914-1915 

34.37 

33.92 

34.35 

33.56 

34.73 

34.81 

35.67 

37.03 

38.13 

38.61 

39.52 

39.45 

40.75 

40.30 

39.51 

38.41 

39.56 

39.82 

40.96 

38.89. 

43.32  , 

53.90  ' 

5196 

100.00 
98.69 
99.94 
97.64 
101.04  , 
101.28 
108.78 
107.74  ! 
110.93 
112.33 
114.98  ' 
114.78  1 
118.56 
117.51 
114.95 
111.75 
115.18 
115.&'> 
119.17 
118.15 
126.04  , 
156.82 
150.82 

96.35 

95.09 

96.30 

94.83 

97,35 

97.59 

100.00 

103.81 

106.88 

108.23 

110.79 

110.60 

114.24 

113.23 

110.26 

107.68 

110.84 

111.63 

114.88 

109.02 

121.45 

151.11 

154.00 

23 

'     24.86 

22 

.—      50.29 

21 

_._-      11.29 

20 

33,25 

19 

20.22 

18 

13.93 

17 

20.47 

16 

31.52 

15 

26.68 

14 

40.42 

13 

25.15 

12 

..„.      44.36 

11 

48.25 

10 

48^ 

9 

30.12 

8 

38.20 

7 

34.15 

6 

49.21 

5 

25.60 

4 

22.00 

3 

53.05 

2 

54.93 

1 

1 

12—42287 
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TABLE  No. 

20. 

Precipitation  at  ( 

Sate  Houto, 

Little  Boar  Valley. 

Elevation.  5.200  feet 

- 

Seaioa 

PreeiitfU- 

tion. 

inchei 

1 
Period 

1 

1 
1886-1915 

Afente 
prednlu- 
tlonfor 
period. 
IndMB 

RaUoto 
Saeeaaon 
averaae,      , 

1 

Ratio  to     I 
equated      • 
65aeaaaa 
aferace, 
per  oent 

of 

lUMoa 

pOKlod 

1893-94  

1 

23.60 

31.36 

100.00 

96.79 

22 

1894-95 - 

48.66 
13.84 

1894-1915 
1895-1915 

31.73 
30.88 

101.18 
98.46 

97  J3  , 
9530 

21 

1895-96 - 

20 

1896-97  

33.65 
19.40 
13.66 

188&<1915 
1897-1915 
189^1915 

31.78 
31.68 
32.40 

101.34 
101.02 
103.31 

98.00 

97.78 

100.00  , 

19 

1897-98 

18 

1898-99  

17 

1899-00  

22.77 

1889-1915 

33.57 

102.05 

98.78 

16 

1900-01 

36.73 

1900-1915 

Mm 

108.71 

105.22 

15 

1901-4J2 

20.70 

1901-1915 

34.12 

108.80  ! 

10531 

14 

1902-03  

30.13 

1902-1915 

36.15 

112.08 

108.48 

13 

1903-(M 

24.32 

1903-1915 

35.57 

113.42 

109.78 

12 

1904-05 

36.68 

19WH915 

36.59 

116.68 

112  J4 

11 

1905-06  - 

42.95 

1905-1915 

36.59 

116.68 

112.94 

10 

1906-07  

57.48 

1906-1915 

35.88 

114.41 

110.74 

9 

1907-08 _. 

26.29 

1907-1915 

33.18 

105.80 

102.41 

8 

1906-09  

'     40.66 

190&-1915 

34.16 

109.28 

105.77 

1 

1909-10 

!     33.23 

190^1915 

33.06 

105.42 

102.04 

6 

1910-11  

1     44.63 

1910-1915 

33.05 

105.38  ' 

102.00 

5 

1911-12 _ 

23.18 
21.99 
43.88 

1911-1915 
1912-1915 
1913-1915 

30.16 
32.48 
37.73 

96.17 
103.57 
12031 

93i)6 
100.25 
lia46 

4 

1912-13 

3 

1913-14 _ 

2 

1914-15  .— 

31.59 

1914-1915 

31.59 

100.73 

9730 

1 

Several  sets  of  measurements  have  been  used  to  determine  the  mean 
annual  discharge  of  Mojave  River  in  the  preparation  of  this  rei>ort 
The  Arrowhead  Reservoir  and  Power  Company  measured  the  streams 
in  the  upper  watershed  now  tributary  or  to  be  tributary  to  Little  Bear 
Valley  reservoir  beginning  with  1891-2,  except  the  seasons  1900-1  to 
1903-4,  inclusive,  also  the  East  and  West  Forks  at  the  Forks  (Plate  II, 
Fig.  2)  and  the  main  river  at  the  Lower  Narrows  (Plate  V,  Pig.  2) 
continuously  beginning  with  1905-6.  The  United  States  Qeological 
Survey  maintained  a  gaging  station  on  the  river  at  the  Upper  Nar- 
rows (Plate  V,  Pig.  1)  1899-1900  to  1905-6,  inclusive,  and  the  Mojave 
Water  and  Power  Company  continued  the  measurements  to  and  includ- 
ing 1913-14,  also  measured  the  East  and  West  Forks  at  the  Forks 
1906-7  to  1913-14,  inclusive.  Thus  both  the  Arrowhead  and  Mojave 
companies  gaged  the  flow  at  the  Porks  from  1908-9  to  1913-14,  inclnsive^ 
so  that  these  measurements,  being  for  the  same  seasons  at  the  same  point 
are  directly  comparable.  The  several  measurements  were  compared  and 
correlated  in  the  following  manner :  All  apparent  conflicts  between  the 
several  series  were  subjected  to  detailed  study,  the  computations  being 
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checked  from  the  original  daily  records.  It  was  found  that  the  only 
material  differences  occurred  in  the  records  of  the  heavier  winter  floods. 
In  one  instance  of  considerable  conflict^  the  Forks  records  for  1911-12, 
regarding  which  no  other  method  of  weighing  the  value  of  the  records 
suggested  itself,  recourse  was  had  to  the  precipitation  record  which 
definitely  indicated  that  preference  should  be  given  the  Arrowhead 
company's  measurement. 

In  general,  the  precipitation  records  were  not  of  as  much  value  in 
checking  the  discharge  as  the  comparison  of  the  discharge  measure- 
ments themselves.  A  study  of  the  precipitation  is,  however,  not  with- 
out interest.  In  only  two  seasons  were  any  errors  of  consequence 
found  in  the  Forks  measurements  of  the  Arrowhead  company.  Both 
appeared  to  have  occurred  in  plotting  the  larger  flood  records  and  to 
be  due  to  infrequency  of  measurements,  probably  caused  by  the  difficulty 
of  obtaining  them  during  the  period  of  excessive  flow.  In  only  one 
instance  was  the  error  of  enough  magnitude  to  affect  appreciably  the 
average  for  a  period  of  years.  This  was  for  the  heavy  flood  of  1909-10 
where  the  measurement  of  Deep  Creek  was  130,000  acre-feet  while  that 
of  the  Mojave  Water  and  Power  Company  was  76,000  acre-feet. 
Fortunately  measurements  were  made  at  both  the  Upper  and  Lower 
Narrows  for  this  season.  By  plotting  these  with  allowance  for  the  dif- 
ference in  time  of  the  peak  of  the  flood  at  the  different  points  and  with 
an  interpolation  of  the  curve  of  the  declining  flood  as  obtained  from 
the  more  frequent  measurements  at  the  Narrows  during  the  same  time 
a  corrected  curve  was  obtained  for  the  Forks  which  reduced  the  Arrow- 
head company's  measurement  about  31,000,  but  still  left  a  difference  of 
about  23,000  acre-feet  between  the  measurement  of  this  company  and 
that  of  the  Mojave  company.  As  these  could  not  be  further  reconciled 
4in  average  of  them  was  taken.  The  same  method  was  applied  for  the 
seasons  1908-9  to  1913-14,  inclusive,  during  which  the  two  measure- 
ments were  made  at  the  Forks.  The  Arrowhead  company  made  the 
only  measurements  at  the  Forks  for  1906-7  and  1907-8.  The  records 
agree  so  well  with  those  of  the  Mojave  company  at  the  Upper  Narrows 
that  they  are  assumed  to  be  correct. 

A  marked  discrepancy  occurs  for  the  season  1905-6  between  the 
measurements  of  the  Arrowhead  company  at  the  Forks  and  those  of  the 
Geological  Survey  at  the  Upper  Narrows  as  shown  by  Table  No.  21. 
The  published  government  records^  are  incomplete  for  the  latter  part 
of  the  season  and  the  data  were  supplied  by  the  Mojave  Water  and 
Power  Company. 


•United  states  Gf^ologlcal  Survey.  Water  Supply  Paper  No.  SOO. 
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TABtB  No.  21. 
01«€harg«  of  Mojavo  RIvor  at  Forks  and  Upper  and  Uowor  Narrows — 190ft- 190i. 


Month 


DlflebArsi 
atFocla 

(A.]Lft 
P.  Co.) 

Aerofett 


DlseluiVB 

at  Upper 

Nanowt 

(U.  B.  0.  8.) 

Aera  feet 


et 
Ml 

(A.B.  Jk 

P.  Oh) 

Acre  feet 


July   44» 

August   '  82 

September  48 

October   !  102 

November  360 

December '  659 

January 3,708 

February i  4.876 

March   '  84.406 

April - 21.771 

May 12.994 

June  _ _ 6.305 

Season   !  135^220 


UI66 

1318 

1.948 

1.002 

2.380 

1.689 

2,899 

2.383 

8,806 

2.761 

4.120 

2.841 

4.206 

2.888 

8.637 

2.40S 

126.158 

561790 

28.786 

17.7® 

6.800 

8.3S7 

8.909 

8.1S5 

'I- 


185,596 


108;9'70 


The  Porks  measurement  for  this  season  is  approximately  135,000 
acre-feet  while  that  at  the  Upper  Narrows  is  approximately  185,000 
acre-feet.  This  increase  is  too  large  to  be  explained  as  inflow  from 
the  underground  basin  above  the  Narrows  or  as  local  runoff  from  tiic 
valley  below  the  Porks.  The  flow  at  the  Lower  Narrows  for  this  season 
was  measured  by  the  Arrowhead  company  to  be  approximately  104,000 
acre-feet.  The  records  for  this  season  at  the  three  points  of  measure- 
ment show  reasonable  agreement  except  for  the  month  of  March.  The 
records  for  this  month  at  the  Porks  and  Lower  Narrows  are  within  the 
limits  of  what  might  be  expected  as  difference  between  these  points. 
The  flow  recorded  for  the  Upper  Narrows  is  manifestly  incorrect  if  the 
other  records  are  relied  upon.  It  was  therefore  decided  to  regard  the 
Forks  record  as  being  correct. 

Disregarding  1905-6,  and  taking  the  average  for  1906-7  to  1913-14, 
inclusive,  as  shown  by  Table  No.  22,  the  average  for  these  7  years  at 
the  Porks  varies  less  than  2  per  cent  from  the  average  for  the  same 
period  at  the  Upper  Narrows. 
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TABLE  No.  22. 
Discharge  of  Mojave  River  at  Forke  and  Upper  Narrows. 
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at  Folks 
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1905-06   87.683 

1906-07   136,052 

1907-06   I  4a920 

1906^   54.257 

1909-10   87,656 
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1911-12   29.067 

1919-18   ;  14,900 

19IW4   1  10M30 

1914-15  1  77,831 
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Poreeolof 
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dlflohargo  at 
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47,587 
118,265 
19.856 
35.488 
48.049 
61.311 
17,927 
11.460 
64.806 
45,305 


135*220 

254.317 

00.776 

89.740 

135.705 

147.938 

46.964 

26,360 


185,596 

259.906 

56.057 

97.781 

118,084 

135,903 

50;519 

35.297 


73.2 
96.2 

loai 

91.8 

114.8 

106.9 

98.2 

74.6 


In  general,  there  is  a  loss  from  the  Forks  to  the  Upper  Narrows  in 
years  of  heavy  flood  and  a  gain  in  years  of  relatively  small  flood.  This 
may  be  explained  on  the  theory  that  water  in  this  part  of  the  river  is 
lost  from  the  surface  flow  to  the  underflow  in  the  heavy  floods  and 
returned  by  the  charged  gravels  to  the  surface  stream  above  the  Nar- 
rows in  seasons  of  light  discharge.  It  appears  from  the  measurements 
that  practically  all  of  the  water  which  enters  the  underground  basin 
below  the  Porks  is  re-collected  above  the  Narrows  and  flows  out  through 
them.  The  observations  on  underground  water  serve  to  confirm  this 
belief. 

The  close  relation  shown  to  exist  between  the  flow  at  the  Forks  and 
that  at  the  Upper  Narrows  suggests  an  interpolation  of  discharge  for 
1899-1900  to  1904-5,  inclusive,  during  which  period  no  gagings  were 
made  at  the  Forks.  Table  No.  22  shows  the  relation  between  the  dis- 
charge at  the  Forks  and  that  at  the  Upper  Narrows  from  1905-6  to  1912- 
13,  inclusive. 

Prom  these  percentages  and  from  the  recorded  discharges  at  the 
Upper  Narrows  from  1899-1900  to  1904-5,  inclusive,  the  probable  per- 
centage of  discharge  at  the  Forks  to  that  at  the  Upper  Narrows  for  each 
season  was  obtained  and  used  to  compute  discharges  at  the  Porks. 
These  results  vary  less  than  5  per  cent  from  the  measurements  at  the 
Upper  Narrows  by  the  Geological  Survey. 

A  report  of  J.  B.  Lippincott  gives  some  discharges  interx>olated  from 
the  ratio  of  flow  at  the  Forks  to  that  of  the  upper  tributaries  for  seasons 
where  the  records  are  available  for  comparison.  Table  No.  23  shows 
these  interpolated  results  and  those  based  on  the  flow  at  the  Upper  Nar- 
rows, although  obtained  in  widely  different  manner,  to  be  in  reasonably 
close  agreement.    There  are  no  complete  measurements  for  the  Porks  or 
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either  the  Upper  or  Lower  Narrows  for  1897-8  and  1898-9  and  the 
interpolated  values  deduced  by  Mr.  Lippincott  are  assumed  to  be 
correct. 


TABLE  No.  23. 
Interpolated  Diecharge  of  Mojave  River. 
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In  this  manner  Table  No.  24  of  discharges  of  Mojave  River  at  the 
Porks  has  been  compiled  for  the  18  seasons  1897-8  to  1914-15,  inclusive. 
The  average  annual  discharge  of  the  river  where  it  enters  the  Victor 
Valley  basin  is  shown  to  be  approximately  90,000  acre-feet. 


TABLE  No.  24. 
DIecharge  of  Mojave  River  at  Forko— 1897-1915,  Inclualve. 
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PORKS  RESERVOIR  SITE. 

The  reservoir  site  on  the  West  Forjc  of  Mojave  River  just  above  the 
Forks  may  be  designated  West  Fork  reservoir  site  No.  1,  or  as  it  is 
generally  know,  the  Forks  reservoir  site.  The  land  in  this  basin,  or 
nearly  all  of  it  including  the  dam  site,  is  controlled  by  the  Arrowhead 
Reservoir  and  Power  Company.  It  was  the  original  plan  of  the  Mojave 
River  Irrigation  District  to  acquire  and  develop  this  site  to  impound  the 
flood  discharge  of  the  West  Fork  and  to  store,  by  diversion,  that  in  the 
lower  part  of  the  Ea.st  Fork  and  to  convey  the  water  by  gravity  to  the 
east  mesa.  The  district,  however,  did  not  make  known  definite  design, 
if  any  was  decided  upon,  for  the  imporvement  of  the  site. 

.  The  Arrowhead  company  has  proposed  a  dam  at  the  Fork  site  (Plate 
ly,  Fig.  2)  150  feet  high  which  would  give  a  capacity  of  102,000  aqre- 
feet  for  storing  both  East  and  West  Fork  flood  waters.  Borings  made 
by  the  company  at  the  dam  site  show  bedrock  to  be  at  a  maximum 
depth  of  18  feet  below  stream  bed.  The  natural  rim  of  the  basin  at 
one  point  is  only  110  feet  above  the  stream  channel  at  the  dam  site  and 
the  plans  include  the  necesary  raising  of  this  bank  50  feet  to  give  the 
desired  capacity.  The  bank  is  here  merely  a  narrow  remnant  of  detrital 
deposit  between  the  channel  of  the  West  Fork  and  the  channel  of  the 
main  river  at  a  lower  elevation  than  the  West  Fork.  The  peculiar 
topography  of  this  locality  can  bo  best  understood  by  reference  to  the 
map.  The  only  foundation  for  a  dam  to  raise  the  bank,  as  shown  by 
excavations  made  by  the  company,  is  a  layer  of  hardpan  at  a  depth  of 
75  feet  below  the  crest  of  the  rim. 

Moderate  leakage,  provided  the  water  reappeared  as  surface  flow  in 
the  river,  might  not  be  a  sufficient  reason  for  condemning  the  site,  for 
the  water  lost  would  help  satisfy  the  owners  of  riparian  lands  and  the 
appropriatore  on  the  stream  ])elow,  but  excessive  leakage  would  impair 
the  value  of  the  reservoir.  Robert  T.  Hill  reported  to  the  commission 
on  the  geology  of  the  site  as  follows : 

"The  Forks  reservoir  site  is  an  elongated  basin  which  has  been 
developed  by  erosion  at  the  junction  of  the  north  side  of  the  San 
Bernardino  Range  and  the  southern  margin  of  the  so-called  Mojave 
Desert.  It  is  triangular  in  shape  and  about  five  miles  long,  in  a  north- 
east-southwest direction,  and  about  two  miles  in  width  at  its  widest 
place.  It  is  bordered  on  the  southeast  and  southwest  sides  by  the  high, 
and  somewhat  precipitous  north  front  of  the  San  Bernardino  Range, 
and  on  the  north  by  the  even  topped  escarpment  of  the  south  side  of 
the  Mojave  plain,  which  slopes  away  therefrom  to  the  northeast.  The 
floor  of  this  basin,  which  is  some  250  feet  beneath  the  summit  of  thia 
escarpment,  shows  several  old  levels  and  terraces  of  alluvial  material. 
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below  which  the  river  has  cut  to  its  present  level  close  to  the  northern 
wall. 

' '  The  northeast  end  of  the  basin  is  closed  by  a  natural  dam  which  has 
only  recently  in  geological  time  been  cut  through  by  a  deep  gorge  at  its 
southern  end  through  which  the  river  now  finds  an  outlet.  The  eastern 
end  of  this  dam  is  a  low  conical  granitic  peak,  which  sets  out  from  the 
edge  of  the  main  escarpment  of  the  mountain,  while  the  western  half  ia 
a  low  residual  embankment  which  represents  the  former  continuation  of 
the  north  wall  to  a  junction  with  the  granite  outlier  above  mentioned. 
The  top  of  this  natural  embankment  is  perhaps  a  hundred  feet  lower 
than  that  of  the  main  northern  escarpment. 

*^The  Mojave  River  now  escapes  from  the  basin  at  the  east  end  of 
this  natural  barrier  by  a  deep  and  narrow  canyon  in  the  granite,  in 
which  it  is  proposed  to  construct  a  dam  for  the  retention  of  the  water 
in  the  reservoir.  In  m}'  opinion  this  granite  is  an  excellent  site  for  a 
dam  (Plate  IV,  Fig.  2),  and  there  are  no  geological  reasons  why  one 
should  not  be  constructed  here. 

'^The  southern  or  mountain  side  of  the  basin  is  composed  almost 
exclusively  of  a  granitic  rock  characterized  by  large  phenocrysts  of  pink 
orthoclase  feldspar  associated  with  a  finer  ground  mass  of  plagiodase 
and  biotite,  and  which  may  be  termed  a  biotite  quartz  mononite 
porphyry  in  contradistinction  from  the  gray  granite  in  the  VictorviDe 
hills  which  is  a  granodiorite.  Like  all  the  granite  masses  of  the  desert 
side  whose  surfaces  are  exposed  to  the  weather,  this  rock  is  much  jointed 
and  broken  at  the  surface  by  the  expansion  and  contraction  due  to  the 
diurnal  variations  of  temperature,  but  the  joints  will  be  found  closed 
at  slight  depths.  In  general,  it  may  be  considered  a  highly  impervious 
material,  well  adapted  for  retaining  water  when  the  latter  is  impounded 
against  it,  and  also  excellent  material  upon  which  to  construct  dama. 

**The  north  escarpment  of  the  basin  consists  of  a  steeply  sloping 
cliff  of  the  so-called  Hesperia  formation,  which  at  one  place  affords  a 
frt^sh  exposure  in  a  vertical  cliff  nearly  200  feet  in  height.  Here  it  is 
seen  to  consist  of  alternating  beds  of  varying  thickness  of  coarse  uncon* 
solidated  gray  angular  sands  and  slightly  reddish  colored  sands  con- 
taining a  very  small  amount  of  clay.  These  beds  dip  slightly  to  the 
north.  They  are  very  porous,  much  more  so  than  is  desirable,  and  the 
question  of  leakage  through  them  is  a  subject  which  deserves  serious 
consideration  before  reaching  final  conclusions  as  to  the  availability  of 
this  basin  for  a  reservoir  site. 

**That  portion  of  the  northeast  barrier  of  the  basin  which  is  composed 
of  the  Tlosperia  formation  is  the  weakest  link  in  the  valley  wall.  It  is 
not  only  poroiLs  like  the  main  north  wall,  but  it  is  narrow  and  bordered 
by  lower  land  on  its  downstream  side.     Also  I  doubt  if  it  will  afford  a 
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iff  about  as  free  from  seismic  disturbances  as  any  part  of  soiiiiiem 
California." 

To  obtain  some  standard  for  ready  comparison  a  safe  section  of  grav- 
ity dam  is  assumed,  all  dimensions  of  which  are  expressed  in  terms  of 
the  height.  The  top  width  is  .15h  and  this  continues  down  for  a  depth  of 
.20h  from  whence  the  section  widens  in  the  form  of  a  trapezoid  to  .65h 
at  the  base.  The  area  of  cross  section  thus  provided  is  .33h'.  While 
not  the  most  effective  or  economical  dam  it  is  sufficiently  strong  and  it 
offers  a  section  for  preliminary  comparison  of  one  dam  with  another. 
Cross  sections  of  the  dam  sites  as  shown  by  Plate  VII  were  taken  and  as 
careful  examinations  as  could  be  made  for  dams  for  varying  dimensions. 

In  order  to  present  the  results  in  the  form  of  cost  curves  rather  than 
yardage  curves  a  cost  of  $6.00  per  cubic  yard  was  assumed  for  all  con- 
Crete.  The  cost  of  the  dams  was  then  computed  for  heights  from  10  to 
150  feet  and  the  unit  cost  was  determined  for  the  different  capacities. 
The  unit  costs  for  different  capacities  when  plotted  give  a  fairly 
uniform  curve.  Pig.  4  shows  area,  capacity,  and  cost  curves  for  the 
reservoirs,  area  being  plotted  against  depth,  capacity  against  depth, 
and  unit  cost  against  capacity.  The  unit  cost  curves  are  then  used  to 
make  Fig.  5  in  which  the  several  curves  represent  different  combined 
capacities  for  the  reservoirs  and  in  which  the  diagrams  show  the 
capacity  that  should  be  given  each  reservoir  for  the  most  economic  com- 
bination together  with  the  corresponding  unit  cost.  The  curve  at  the 
bottom  of  Fig.  5  is  a  summary  of  tho.se  above,  and  shows  the  unit  cost  in 
dollars  per  acre-foot  for  the  most  economic  combined  capacities  in  acre- 
feet.  It  is  found  that  the  most  economic  combinations  within  the 
range  of  total  storage  which  would  be  desirable  require  that  the  greater 
part  of  the  capacity  be  in  Reservoir  No.  3-A,  also  that  the  ratio  between 
the  capacities  of  the  two  basins  is  not  constant  for  varying  total 
capacity. 

The  maximum  economic  capacity  for  Reservoir  No.  3-A  is  approxi- 
mately 35,000  acre-feet  which  is  shown  to  correspond  to  the  TniTiiTnntn 
unit  cost  of  $34.50  per  acre-foot.  Using  the  same  figure  as  the 
maximum  allowable  unit  cost  for  Reservoir  No.  2  the  maximum 
economic  capacity  for  this  reservoir  is  34,000  acre-feet.  Again  consid- 
ering the  same  unit  cost  as  the  limit  of  expense  the  minimum  economie 
capacity  for  Reservoir  No.  3-A  is  28,000  acre-feet  and  for  Reservoir 
No.  2,  9,400  acre-feet. 

Either  of  these  sites  is  suitable  to  serve  as  the  reservoir  for  the  first 
unit  in  the  development  of  a  project  and  it  is  gratifying  to  find  such 
possibilities  for  economic  storage  based  on  such  small  units.  It  is  in 
these  units  that  hope  for  a  successful  project  in  Victor  Valley  must  lie 
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For  the  complete  and  most  economic  utilization  of  the  West  Fork 
waters  a  much  larger  storage  is  needed  and  a  combination  of  these  res- 
ervoirs offers  the  means  to  this  end.  The  curve,  Fig.  5,  shows  a  wide 
range  of  capacity  to  be  possible  through  advantageous  combinations  of 
the  two  reservoirs  without  much  variation  in  unit  cost.  For  example, 
by  proper  combination  a  total  capacity  of  60,000  acre-feet  can  be 
obtained  for  approximately  $33.25  per  acre-foot  while  a  total  capacity 
of  only  31,000  acre-feet  can  be  had  for  $34.00  per  acre-foot,  with  an 
optimum  economic  total  capacity  between  these  two  of  52,000  acre-feet 
for  $32.85  per  acre-foot.  This  indicates  a  possible  flexibility  of  design 
which  IS  very  desirable  and  which  is  seldom  obtained. 

If  the  area  to  be  first  put  under  cultivation  is  too  lai^e  it  may  become 
unwieldy  with  nonproductive  acreage  and  difficult  to  carry  throu^  the 
development  period  while  if  it  be  too  small  the  first  cost  may  be  too 
high  and  the  overhead  charges  proportionately  too  large.  Where  a 
project  offers  such  nearly  equal  unit  cost  for  varying  sizes,  the  first  unit 
may  be  conveniently  given  the  most  desirable  size.  In  the  present  case 
an  initial  or  nucleus  project  should  comprise  from  15,000  to  18,000 
acre*. 

With  a  gross  duty  of  1.25  acre-feet  the  water  supply  required  for  a 
district  of  16,500  acres,  or  assuming  that  15  per  cent  of  the  land  is 
unirrigated,  a  net  area  of  14,000  acres  is  17,500  acre-feet  annually. 

The  mean  annual  discharge  of  the  West  Fork  of  Mojave  Biver  at  the 
Forks  including  Qrass  Valley  Creek  is  about  39,200  acre-feet.  The 
mean  annual  discharge  at  the  upper  dam  sites  as  determined  by  com- 
paring the  measurements  at  the  upper  sites  with  those  at  the  Forks,  is 
about  30,000  acre-feet.  It  appears  from  the  discharge  records  that  for 
an  annual  storage  of  approximately  30,000  acre-feet,  a  draft  of  60  per 
cent  of  the  total  storage  or  approximately  18,000  acre-feet  per  year  may 
safely  be  made.  This  is  sufficient  for  a  net  area  of  14,000  acres  or 
allowing  for  15  per  cent  of  the  district  being  unirrigated  a  gross  area 
of  16,500  acre?. 

If,  however,  Reservoir  No.  3-A  only  should  be  used  for  this  initial 
project  some  study  should  be  made  of  the  most  economic  use  of  this 
reservoir  and  of  the  form  of  unit  development  that  would  be  consistent 
with  the  full  development  of  the  combined  reservoirs.  Ultimate 
development  would  use  the  full  60,000  acre-feet  capacity  which  should 
give  an  annual  draft  of  approximately  30,000  acre-feet  or  practically 
the  entire  average  flow  of  the  West  Fork. 

Fig.  5  shows  the  economic  division  of  this  capacity  to  be  33,000  acre- 
feet  in  Reservoir  No.  3-A  and  27,000  acre-feet  in  Reservoir  No.  2. 
Therefore,  as  a  tentative  plan  it  is  suggested  that  Reservoir  No.  3-A  be 
constructed  to  a  capacity  of  33,000  acre-feet  for  the  first  unit.     This 
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should  allow  a  safe  axmiial  draft  of  about  20,000  acre«feet  or  on  the 
basis  of  1.25  acre-feet  duty  should  irrigate  a  net  area  of  the  west  mesa 
of  16,000  acres,  or  allowing  15  per  cent  for  lands  not  cultivated,  should 
supply  a  district  of  approximately  19,000  acres.  The  following  is  an 
estimate  of  the  cost  of  such  a  project : 

Dam  11.123,300  00 

Spillway 20,000  00 

liand.  400  acres  at  ?100  per  acre 40,000  00 

Main  conduits 198^000  00 

Distribution  system 322,000  00 

Total    11,706,300  00 

The  foregoing  makes  no  allowance  for  interest  during  constructioii 
which  would  require  two  years.  During  the  first  six  months  of  this 
period  it  is  probable  that  the  work  would  be  of  a  preliminary  character 
including  the  making  of  the  necessary  surveys  and  designs  and  the 
acquisition  of  the  lands  and  water  rights  pertaining  to  the  project.  The 
cost  of  this  preliminary  work  is  estimated  at  $100,000.  For  a  tentative 
scheme  of  financing  therefore  it  is  estimated  that  interest  would  be 
paid  on  sums  as  follows : 

$100,000  at  5  per  cent  for  2    years flO^OOO  00 

500,000  at  5  per  cent  for  H  years 37,600  00 

000,000  at  5  per  cent  for  1    year   30,000  00 

«00,000  at  5  per  cent  for  ^    year   16,000  00 


• 


Total    102,600  00 

Adding  interest  to  construction  cost  gives  a  total  estimated  cost  of 
$1,797,800,  or  a  cost  of  $94.62  per  acre.  A  careful  design  of  the  dam 
should  reduce  the  estimated  cost  10  or  15  per  cent  below  the  estimate 
based  on  the  arbitrary  section  of  dam  assumed  for  this  preliminary 
study  and  comparison.  Such  a  reduction  would  lower  the  estimated 
unit  cost  of  the  project  to  approximately  $90.00  per  acre  including 
interest: 

CONCLUSIONS  AND  SUGGESTIONS. 

No  plan  for  the  utilization  of  Mojave  River  would  be  complete  with- 
out considering  the  Little  Bear  Valley  Reservoir.  The  Arrowhead 
Reservoir  and  Power  Company  has  invested  a  large  amount  in  this 
system  for  impounding  and  using  the  water  supply  of  the  upper  water- 
fijied  of  the  East  Fork  and  is  in  possession  of  valuable  data  on  the 
runoff  from  the  entire  watershed.  This  company  controls  a  large 
amount  of  riparian  land  along  the  river  and  has  acquired  additional 
appropriation  rights.  Options  on  the  company's  properties  are  hdd 
by  the  Victor  Valley  Irrigation  District    It  is  not  evident  that  tliii 
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district  can  be  properly  supplied  with  water  from  Little  Bear  Valley 
reservoir  at  reasonable  dost.  The  length  of  conduit  and  the  expensive 
nature  of  construction  required,  the  limited  quantity  of  water  avail- 
able and  the  comparatively  small  amount  of  power  which  may  be 
developed  point  to  such  a  large  unit  cost  as  to  render  the  project  imprac- 
ticable.- The  report  of  J.  B.  Lippincott  points  out  that  the  project 
is  feasible  only  on  the  basis  of  a  high  duty  of  water  such  as  one  acre- 
foot  and  indicates  uncertainty  as  to  the  sufficiency  of  this  duly.  We 
are  of  the  opinion  that  a  duty  of  one  acre-foot  is  insufficient  for  the 
area  included  in  the  district. 

We  deem  it  unwise  to  give  special  consideration  to  any  particular 
body  of  land  and  hold  that  the  broad  problem  is  not  how  to  deliver  the 
water  to  some  particular  lands  but  how  to  devise  the  most  economical 
plan  to  properly  irrigate  part  of  the  valley.  There  is  a  large  area  of 
land  but  a  limited  quantity  of  water. 

The  flood  waters  may  also  be  stored  at  the  Victor  reservoir  site  con- 
trolled by  the  Mojave  Water  and  Power  Company  and  although  this 
site  IS  too  low  to  be  of  service  to  either  of  the  irrigation  districts,  plenty 
of  good  land  on  which  the  water  may  be  used  is  situated  below  the  site. 

In  the  pursuit  of  practical  means  for  the  utilization  of  Little  Bear 
Valley  Reservoir  we  suggest  that  some  land  of  the  east  mesa  may  be 
irrigated  with  this  supply  at  less  expense  than  may  the  lands  of  the 
west  mesa  and  that  such  a  distribution  would  also  permit  the  develop- 
ment of  more  electrical  energy.  The  West  Pork  reservoir  sites  may  be 
used  to  store  water  for  the  west  mesa  lands. 

The  Appleton  Land,  Water  and  Power  Company  owns  extensive  lands 
having  riparian  rights  and  some  appropriation  rights  and  the  pipe  lines 
of  this  company  are  in  a  position  to  receive  the  discharge  from  Little 
Bear  Valley  reservoir.  For  the  nucleus  of  development  on  the  east  side 
and  near  the  river  on  the  west  side  it  would  seem  that  this  company's 
ditch  and  pipe  lines  might  have  a  very  definite  value  if  used  with  the 
Arrowhead  Reservoir  and  Power  Company's  properties. 

The  following  is  a  summary  of  the  suggestions  and  findings. 

(1)  The  proper  duty  of  water  is  approximately  1.50  acre-feet  per 
acre  per  annum  for  the  east  mesa  and  1.25  acre- feet  per  acre  per  annum 
for  the  west  mesa. 

(2)  The  total  annual  average  discharge  of  Mojave  River  is  approx- 
imately 90,000  acre-feet,  of  which  about  one-third  is  available  for 
storage  in  Little  Bear  Valley  n^servoir  now  partially  constructed, 
about  one-third  is  available  for  storage  in  proposed  upper  West  Fork 
reservoirs,  and  about  one-third  should  be  allowed  for  the  riparian  lands 
along  the  river. 
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(8)  We  suggest  the  use  of  the  water  supply  under  two  projects;  one 
for  the  west  mesa  to  make  use  of  the  upper  West  Porit  reservoirs  with 
au  initial  unit  having  storage  in  Reservoir  No.  3-A  of  33,000  acre-feet 
and  a  district  of  18,400  acres  and  an  ultimate  project  with  storage  in 
both  reservoirs  of  60,000  acre-feet  and  a  district  of  29,000  acres;  the 
other  to  use  Little  Bear  Valley  reservoir  water  from  which  may  be 
delivered  by  the  shortest  route  to  the  lands -of  the  east  mesa,  utilizing 
the  greater  inherent  power  en  route  and  irrigating  approximately  20,000 
acres  net,  or  allowing  for  15  per  cent  of  the  total  being  unirrigated,  a 
total  project  area  of  23,000  acres.  The  total  net  area  under  the  two 
systems  would  be  about  45,000  acres  and  allowing  15  per  cent  for  lands 
unirrigated  within  the  exterior  boundaries  a  total  gross  area  of  about 
52,000  acres. 
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